.5 
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NOVEL DENDRITIC POLYMERS HAVING B!!^Hf!SPH©NI^ Tlp?MJI^^TrpN^ 
DERIVATIVES THEREOF, MlTHeyD F0R )P?RlF^^ifJ(^ THEM, AND THEIR 

Lfll 



Dendritic polymers are macromolecules composed of monomers which W 

■ ■ . ■ m 

cpmpme according to a branching process around a central multifunctional C/5 



OS 

r— 
m 

O 



PfiidnfiQ polymers, alsg chatted "cascside fnplecules^', are highjy branched 
fUncpnir^p^ diifin|d st^^ fWs^ nligr^Dm^ irv Met/ 

P^j^fi:i )ii|pi:Qlg . t '0& bi^d 

HSweyfer, d^iWit^ jp(>iym§irs ^i^ furvd^m different ffdrti ^jpjhVfehtiorval 

pplymers in that they have their own properties due to their branched structure. O 
The molecular weight and the forni of dendritic pplymers can be cdntrolled 
15 precisely, and all the functions are situated at the end§ of the branches • forming 
a surfaqe^.W^ 

Efendntia^ am (iOnstnM by step by the r^pefitipn^ pf a 

reaction sequence, allbwing each repeatihg unit and the terthinal fuhGtipns to be 
multiplied. Each reactipn sequence fprms a sp-ealled "ne^^ The 

20 arborescent structure is pbtained by the rSjpetition of a fe^ftiibn sf^iquehee, 
which ^I!qws a n^w generation and $in increasihg hMPl^ir of idlntii^l ibfsjil^h^ 
to bje obtain!^ ijt thi^ ejf||^= 0t(oh 
dendritic polymer geh^r^lly aSsum gils^ujar fonti Which is 
and multlfunctionalised by virtue of the large ilumber of teifWiihidI funcfiphs 

25 present at the periphery. 

Such polymers have been described especially by Launay et ai, Angew, 
Chem. Int Ed. Engl,,. 1994, 33, 15/16, 1589-1592, or by Launay et ai, Jqumal 
ofOrganometal/icGhem 



30 



The trfifmeht of i^ijr^eesi fbr e^ajt^ prder to protect thern, inyplygs 
the phtFjIiirti^ pf^dheSjph^^ wh||h'pi^ ni||Uiji^^th^ pi^fi^iiif 
bond donor and acpep^r gfsy^ thjiSUrfsje^ ^iMflting ipen^^ It 1$ 



therefore desirable to provide agents that have a hijgh hydrpg#nr|ointl capf (|ity 
as surface-treatment agerits. 

Owing to th^jr ^tr^|ture, l^qiymers fxhibit a high density §f 

termjnati|yis angl Mf^ofe a HigK^i^giM |(i^^ty at iheit p#i^hery. It Ms 
Wf^^ ^pfi Jriv^ilJd to prepire fUh|«iEW^I d^lldlitic p&lymere pefmlttifrg 
tH^ tiff atlQh of f^if^jri bpr^s #!i:tKii ;aim jb? lysihg fhe^ ^s surf^eertf^tment 
Sgeiits. 

The phpsphonic acid functjQ.n or thje corfespnding itiiethyl ester function, 
an^ gf^^arif^^ ^fXlf Rihdlng bi^ ftiiigioi^ favourable for the 

formation of hydrogen bonds. It is therefpre desirable tp prepare dendritiG 
l^i^fre fl|vi|f| |iph^§|l^f^jb |pd?^^M|t§nM timmr^itferis, or derjv^tiv^l ' 
thereof. 

Dendritic polymers having various phosphorus-containing functions 
(phosphine, phosphinate. phosphate, phosphonate, phosphprane, 
spirophpsf)horan^) h;^Ye b^ien described esp^ciafly in the ^rtieles meiitipned 

'^x^^^y^'^' hoJJf pvdritic pplynrier haying free biphpsphpniG acid termiriatiPris, 
pr ppticm||ly terr|^ir^^jpns |n the form of cprresppndin^ salts pr esters, has been 
de^enb^> |n fe^ it has hitheftp be(en impPssibje tp; prepare such funji?tipna!ities 
Mjltt^ M^n^ pfed^^ly, it >A^s iippp§sibje tP l^re^ate dSntjritiG 
pp')ffn|^s e^j|jtil1g^-'^ ^lil^a^plidirtip ^d f&i^h, This has npVv Bfen made 
pPssi|>ii st^riirig #p)ti thfe cPrf|§ppiidj|i^ methyl ester. ^ 

The inventors have npw fpuhd a reactiPn that allpws that type of terminal 
functionality Pf the diester or biphpsphPhiC apid type to be pbtajhed on dendritic 
polymers. 

- According tp a first object, the present inventipn accordingly relates to 
(^endritlc polymers ^^hife)|ting tvyp tfrTninal functions -PP(PX)2, yyherein X 
mjifes#hts a ff dipal ^^1^1 pr pr 'F?©(C)jij^ Pf the epnr^lcmdina salts, at 
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According to a second object, the present ihyeritiph reefer ajfp tp a 
method for preparing such dendritic polymers. 

Accprdiog to another .efejMt, the pf^^m inyerition folates aisp to the use 
5 of the derilr (tie ^piyfnirs iicGprdihg to the ihyefttipn in the treatment of surfaces. 

The present inyentlon accordingly relates to dendritic polymers of 
gerieratipn n comprising: 

- a central core § bf yalence m; 

- afi ihtemiediate chain at the end of feach generation thain thaf li^y 
pmsBhi dl- It the end of each bbhd arpuhd the cbi-e, where apprbpfiate; 
and 

- a terminal group at the end of each intermediate chain, characterised in 
15 that said terminal group |s represented by fp;rft|u|a: 

-mPj^^^iW'^ik. (t) 

■■ .wherein • ' ■ 
-A1< represent the radicaUCR< pr -Heterpatpm< ; 

the radicals A2, vyhich may be identical or different, each independently of the 
20 other represents a single bond pr a linear or branched hydroeartipn chain 
having frpm 1 to 6 chain members, it being pbsHibje for eacb # ssiid 
membere optionally to b^ sejfcted frbm a hete^ytom, pref^rablj hi|fe||^.-f 
being possible for each chaih member to be bptibnally substituted by one or 
more substituents selected from ^Ikyl, -Hal, .NPz, -NRRV ^GN, -^Fa. iSw, 
25 -OAlkyl, -Aryl, -Arall<yl; ' '• ' 

X represents a radical ^A|kyl. -Aryl, or M*. wherein M* is a cation, 
m represents an integer greater than or equal to 1; 
n represents an iKiifgi^rfrom 0 to 12: 
30 < represents iv&f^^'^^ 
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Most frequently, the dendritic polymers of the Invention cGfnpri^e 
intermediate chains terminated by a tgirminal group: 

- at the end of each geheratiop ehain that rfiay be p recent; or 

- at the end pf each bond around the core that is not connected to a 
5; generation chain. ; 

The dendritic polymers of the inyehtiqfi accgrdjngl^^ generally comprise m 
amris linked to the central core §, 6a^h erfihpsi jaifns b^m 

r an arim of tyge (1), tha|:]s tg |a| ah aifjfi Mflstijtutet by ah jnterm^d . 
1 0 cHiimtermin by a timiral 1^ 6f f^)^ (T); br 

- an arm of type (2), that is to say an arm constituted by one or more 
generation chains comprising at its ends an intermediate chain 
terminated by a termin?! group of formula (T). 

15 According: to a partiGular emb^d im|in^ tiendritic pjolymers comprise .only 
arms of type (.1) linked to th^^c^^ 

According to another embodiment, the dendritic polymers comprise only 
arms of type (2) jinkeid to the qehtifal co^^ 
20 .'pi'- ■ - 

The dendritic pdijpre^^ a(G(?9^ to the jhyf ntipn preferably corn&spQnid^ t^ 
comrnercially availab!& dendHi^^ pol^hll^r^ to tjie Surface of whjch the i&lmi 
group "(A1)<[A2-P(=ib)(pX)2]2 h|s beeri gti^^. 

According to the invehtipiri, ayailgble dendrrtic pplynri^rs 

25 are selected especially from diendrjtic polymers of the type DAB-AM, PAMAM 
(especially Starbust®) haying ternriihal functfons -NHz, -OH or -COOH, of the 
PMMH type, such as cyclptriphpsphazene- or thiophpsphoryl-PMMH, or 
alternatively from p pplynniers such as: 




GC'3 

as well as subiseqyent generatjpns. 

yAtll thQ§e:^d^hdritiG polymefs are marketeid^ by Ajdrich. 



A1 preferably represents the radical -CH< or -N<. 
The groups -P(=0)(0X)2 are preferably in the gem position. 
X pref^mbly represents a radical -Ajkyi, such as -IVIethyl. 
A2 prefiriibly re|fe§en^^ 

The central core;! (s coristitliteid by at least one atom of valence m. 

The central core § can be selected from any atom or radical having a 
valence m greater than or equal to 1. § preferably contains at least one 
heteroatom. 

M* is a cation of an atom, for example a metal atom, or a cation derived 
• from any radical capable of bejng stable in cation form. Said cation can be; 
selected especially from the salts of a nitrpgen-cpntaining base, especially 
ahlmonium sajts, on th^.ir pyyn or in a mixture, especially with cationip 
suffarptsints. 

preferably reprefents a cation of an §rtrn#nt of grpup lA. IIA, |IB or IJIA 
of the peripdic table; M is preferably iselipte^i friom spdjum, pptassium, GgrGium. 
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barium, zinc, magnesium, lithium and aluminium atoms, mjore prefeMbly from 
sodium, lithium and potassium. 

According to andther pffferrfd aspect, M"*^ represents the cation of a 
nitrpgenrcont^ining bas^i such as HNita"*". 

The core § is preferably selepted from the fpljpyying groups: 

\ / N 
/ N ^p. N 

S=P— ^P.,r-P-^ / N-P^ 



The ceritral core § preferabjiy hais the formula: 

\ / 
.P. 

N -^N 
^ N \ ' 

10 

m represents an iritegier frbrn 1 to $, mofe^ preferably^ ffp^ Z to Si more 
particularly 3, 4 or 6; 

n represents the number of generations of the dendritic polymer; it 
15 represents an integer from 0 to 12; preferably f 

The generatioh ehjains are seleQted frpm any nnear or branchietj 
hydrocarbon chain having from 1 to 12 chain nrfembers and. bfitjiHilly 
containing one or more double or triple bpndsv it b^jng ppssibje for each of s;aiicl 
20 chain members optionally to be selecfed ffpfifi a heiefbato^ a group Aryl, 
Heteroaryl, >C=0, >C=NR, it being pos$ib!e for each chain member to be 
optionally substituted by one or more substituents selected from -AlkyI, -Hah 
-NO2. -NRR'. -GN. -CFa, -OH, -OAlkyl, -Aryl, -AralkyI, 
wherein 

25 R and R', which may be Idgntiqal of djjfferent, efch indej|^endelf^t^^ of the 

other represents a hydrogen atSm or a riiaic^^kyi. ^kpj\, s?(ifalkyl; 
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The generation chains, which niay be identical or di%ren^^ Rfeferably 
represented by formula: 

-A.i^^p)=^N^N(i)r(P(= (01) 

wherein: 

5 A r0pre?en^^^ oxygen atom, a sylfur atom, a phosphorus atom or a 

. radical -NjRr;.' : ' - 'i . " 

B repfe^ehts a radical -Aryl-, -Hetefparyl-, -AlKy!-, it being possible for each 
of those radicals to be pptipnally substituted by a H|togen atom or by a radical 
-Np2, -NRR', rGN. -GF3> -AlRyi, -M^U 
10 G rep regents a e^fbori attirti , 

b and E, Which niaiy be identical or different, feach iridf^^ thi: ■ 

other represiiits a hycJrbgfeh atbtti, a r'adlcai -AlkyI, -QAlkyl, -Afyl, -AralkyI, it 
being possible for each of those radicals to be optionally substituted by a 
halogen atom or by a radical -NO2. -NRR'. -GN, -CF3, -OH. -AlkyI, -Aryl, 
15 -AralkyI; 

G rep|§^nl| a sulfur, oxypsn, nilrop S^lfpr^ Selenium or TelluriUtn 

N repre§ehts a hitrpgen atom; 
P repfe^ehte a php^phprus atpm. 

20 

In the general fprmuja (G1) above, A preferably repri^sents an oxygen 
atom. 

In the general formula (C1) above, B preferably represents a phjenyl rjni 
optionally substituted by a habgen atpm or by a radical -Npz, -NE^, -GN, -GFa, 
25 -OH, -AlkyI, -Aryl, -AralkyI; more preferably, 6 fpprfsents an unsubstituted 
phenyl ring. 

In the general fomnula (C1) mentioned above, D preferably represents a 
hydrogen atohi. 

In the g^n^ral fiprrnula (G1) mettti^ned ab^^ E preferably represents a 
30 radical -AlKyl. 

In the general fprmulia above, G pfieterably repm^ente a sulfur atplti- 
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According to another preferred aspect, the geheratipn chains are 
represented by formuja: 

-A'>(G=0)-N(R)rB>N< (G10 

Wherein 

5 A' aii^j B' each jndipi^niif n of the other represents ^ radical -AlHyl, 

rAlk^nyl; ^Alkynyi, eajfe^^ is pptiohaNy subi^^^^^ by one or rhore 

substituehts selected frohi -Alkyl, -Hal, -NC)2, -NRR', -CN. -CF3, -OH. -OAlkyl, 
-Aryl, -AralkyI; 

R, R' have the nieaning defined h^reinbefpre. 
10 A- pllerabiy If fre^ -A||yl^v more pfefe -Ethyl. B' preferably 

R |i)ref§irably reprejlehts a Hydrogen atom. 

According to another preferred aspect, the generation chains are 
15 represented by fprnriula: 

-A"-Nrc (©1") 

wherein 

A" represents a radical -Alkyl, -Alkenyl, -Alkynyl, each of which is 
optiqnally substituted by pne or more substituents selected frpm -Alkyl, -Hal, 
20 -N62, -NRR', -GN, .GF3, -OH, -OAlkyl, -Aryl, -AralkyI, wherein RR' have the 
nneariing defined h^reinbefpfe, 

A" preferably represents -^IkyU, iripre prefefiibjy ^Propyl-. 

According to anpther preferred aspept, the den^intip pplymers ace to 
25 the invention of generation 1: do npt cpmpfi^e a gi|ri#atlon chain; In paiiipufar, 
in the case where the generation chain is represefi^d by fprfhyla (C1*) or (^1**). 
the correspQnding dendritic polymers of generation 1 do not comprisie a 
generation chain. 



The IntettTfiefdiate chains are :selept|Bd from any Imear or brarich^d 
hydropairbpn Ph$\p jiaving ffpm 1 to H2 6ham rijffnif Ind ^ptjffil^ 
ephtaining one or nrtpre double of triple bonds, it beifig feiF^fiiji 
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chain members optionally to be selected from a hfteroatpm, a group Aryl, 
Heteroaryl, >C=0, >C=NR, it being possible for each clifiin rnernber to be 
optionally substituted by gtie or rnpre suJbstit.U§nt$ selected ffpm -AlkyI, -Hal, 
-NO2, -NRR'. -GN, .-QF3, rQH, -QAIkyl. -Afyl. ^rajkyl. wherein RR' have the 
5 meaning defjn'ed hereinbefore. 
The lnterhri;^dii|ti§ chains p 

The intermediate chains, which may be iderititial or different, are preferably 
represented by fotTtlula: 

10 -Hsrlr (G^) 

wherelri 

J represents an oxygen atom, a sulfur atom or a radical -NR-; 
K represents a radical -Aryl-, -Heteroaryl-, -AlkyI-, it being possible for each 
of those radicals to be optionally substituted by a Halogen atom or by a radical 

15 -NO2, -NRR\ -CN, -GF3, -OH, -Alk^^^^^^ 

1^ r^lires^nts a iirt^r or bfiriihi^^l^ #|!iln hllYing frpm 1 to 6 

chain jt!^i1fi^r% ^hdv^li^ 

being pgssible for e$Qh of said chjain niembf rs optiohjally to be a heteroatpm, it 
being possible for e^ph ch|ih nierribei' to be optiGnally siubstituted by one pr 
20 more substituents ;$efeGte -H|l. -NQ2, -NRR'. -fSN, ^GFa, -QH, 

-OAlkyl, -Al7l, =-M0Cy\, Whf i'ei.ri RR' hayf thi^ meaning defined hereinbefore. 

In formula (02) above, J preferably represents an oxygen atom. 

In formula (G2) above, K preferably represents an optionally substituted 
25 phenyl ring; more preferably, K represents an unsubstitut^d phenyl ring. 

In formula (G2) above, L preferably represents a radical -(Alk)a-, or L 
represents the radical ,-C(P)=NrN(E)-(Alk)a-, 
wherein C represents a carbon^atpm, 

D and wftllh may be iclj^ntical pr different, each independently of the 
30 otli0r t'epfiesWnti |n a rafdipaj ^^Alkyl, -QAJKyl, -Aryl, -Ar|!JKyi, eajeh 

0f WhMh f|^[0f js^ i^^^^ by a Halog;en afern :pr by a 

radical -NO2. -N Fs. -^H, ^^IKyl. ^Aryl, rAraikyl; 
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a represents 0 or 1 ; 

R, R' have the rneaning defined hereinbefore. 

According to another preferr&d aspect, the intermediate chains are 
5 represf nted by formura 

-A^C=0>N(R^^ ^ (G2') . 

wherein A', B\ R, R' have the meahihg defined hereinbefore. 

A' preferably represerits -AlkyI-; more prejerably -Ethyl-. 

B' preferably represents -AlkyI-; mGre pfeferab -Ethyl-. 
1 0 R pf eifef ifely reptit^nts a hydrpQen atom . 

According to another preferred aspect, the intermediate chains are 
represented by formula 

-A"- (C2") 

15 wherein 

A" has the meaning defiried hereinbefore. 

A" preferably represents a radiGal^lkyh more preferably -Propyl-. 

The generation chains are preferably identical. 
20 In fomnulae (C1) and (G2) mentioned above, J and K are preferably equal 

to A and B, respectively. 

The dendritic polymers accord ing to the invention can preferably bfie 
represented by the following formula (1-1 i): 
25 §-{{A-B-G(D)=N-N(E)-(P(.=G))<riJ-K-(Alk)a^N;< (l-1i) 
in which: 

§. A. B, G, D, E, G, N, P. J, K, X, A2, m, n have the meaning defined 
hereinbefore, {}" deriptes the branched structure of the generation n chains of 
said dendritic polymer, and a represents 0 or 1; A2 preferably represents a 
30 ra<lical -Alkyk 
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The dendritic polyrtieTs aGGprding to the ihyention can pr^fjerably be 
represented by the following formula (1-1 ii): 
§K{A-B-e(P)=N-N(i)KP{=(3) 

P(=|))(TO2b^^^ (Mil) 

in vyhiGh: 

§, ArB, p, p, E, G, N, P/J. K, X, A2; m, n have the meaning defined 
hereinbefore, {}" denotes the branched structure of the generation n chains of 
said dendritic polymer, and a represents 0 or T; A2 preferably represents a 
single bond. 



i^cpfding to fttpther preiBrted aspect, the d^dritic ppiyitii^ fd 
the invehtidh can be f^pres^hted by the following forrnula (1^2): 

§-{{A'-(C=0)-N(R)-B'-N<}"[A2-P(=0)(OX)2]2]2}m (1-2) 

in which: 

15 §, A\ B\ C, N, P, X, A2, m, n have the rheaning defined hereiinbefpre and 

{}" d^nptgs^ the braiichefd^ struic^ of thief Qertilratidn n chains of^saicl dendntic 
polyrner. 

According to another preferred aspect, the dendritic polymers according to 
20 the invention can be represented by the following formula (1-3): 

§.{(A"-N<}" [A2.P(=0)(OX)2]2]2}m (1-3) 

in which: 

§, A", N, P, X, A2, m, n have the meaning defined hereinbefore and 0" 
denotes the branched structure of the generatipn n chains of $iaid dehdritiG 
25 polymer. 

According tp the present invention, the radical -Alk, -AlkyI or -Alkyl- 
represents an alkyi radical, that is to say a straightrchaihed or branched 
saturated hydrpGarbpn radical having from 1 to 20 carbon atoms, preferably 
3G from 1 to 5 carbpn atoms. 
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In the ' case of linear fadicals, partjcujar meritipn may be nia^e of the 
radicals methyl, elthyl. propyl, butyl, pentyl. hexyl. oetyl. nonyl. degyl, (Jodeeyl. 
hexad^cyl arid qefli^f ^yl. 

Ih the G^se of brKhehed radieals or fidjl^rs substitut^jd by one or more 
5 glKyI fai^je^ls, 0'^^^^^^ nfifhtiOh may be mail^ of thfe fadigals isppropyl, tert- 
butyl, 2-ethyimxyl, 2-nlethylbutyl. 2-methVlphenyI, 1 ^methylpentyl and 3- 
m6thylheptyl. 

-Alkenyl or ^-Alkenyl^d ajiphatiG Hydrogarbpn grpgp that cphtairis 

10 at least one carbon-carbon dpuble bond and that can be linear or branched and 
has from approximately 2 tP approximately 15 carbon atoms in the chain. 
Pfe^nred iikifiyi ^fpLips h;^Ve^ frprti 2 to apprp>cirfiatPiy 12 carbPh atoms in the 
chain; and more preferably, from approximately 2 to approximately 4 carbon 
atoms in the chain. Branched means that one or more lower alkyi groups, such 
15 as methyl, ethyl pr prppyl, are bphded to a linear alkehyl ch^in. Typical 

^aftt^tis^«lf lIllC^ |?irppiii|fi /TstefihiiiiiGibip 

-Alkynyl pr -Alkyhyl- denotes an aliphatic hydrpcarbpn group thiat cpfttaihs 
at lea$t one carbphr^iarbpn triple bond and that can be linear or branched and 

20 has fi-bni 2 to ap^rp5<ih^ 15 qarbon atoms in the chain. Preferred ajkynyl 
groups have from 2 to approximately 12 carbon atoms in the chain; more 
preferably, from approximately 2 to approximately 4 carbon atoms in the chain. 
Branched means that one or more lower a|kyl groups, such as methyl, ethyl or 
propyl, are bonded to a linear alkynyl chain. Typical e)<amp!es pf alkynyr groups 

25 include ethynyl, propynyl, nrbUtynyl* 2^butynyl, 3-mfethylbutynyl, n-pentynyl, 
heptynyl, octynyl and decynyl. 

Among the hglpggn atoms (Hal) there may be mentioned more especially 
fliiprine, chlpfine, bfpmine an?l ipdine atpms* prafferably fluorine. 
30 Th& fidlcal-^^f^l dr ^Ait^k flpiiiints Aryl r0^a\, that |# ^ a 

mono- Of bir^^fip aronrdtic hyd^eai^pii s0§m f^*$ig frfrfT 6 to 1^'^^p©n 
atoms. 
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Among the Aryl radicals there may be mentiphed espeeially the phenyl or 
naphthyl radical. 

Ampng the radicals T-AralkyI (rAlkylAryl) theffe may be mentibnfed 
especiaiiy the bienzyj or phehi^thyl radical. 

. ' The teilTi "Heteroatprn" dendti&s a hitrpgen, oxygen, phosphorus, silicon or 
sulfur atom. 

-H^teroaryl or T-HeterQaryl- denotes a Hetefparyl radical, that is to say a 

10 m©nQ^ of bircVc^^^ afpma^^ jsyilfm epmpfismg^^^^o pr mpre^ h|jeMat§^ ..v;;; 
selilti^ frSm rtitrpgeni <ixy^ fr^ i|ute frpirii 5 16 i^f' Gar|:p^^ 

atpms. Among the Heterdaryl fadicals there may be rnehtioned pyrazihyi, 
thienyl, oxazplyl, furazanyl, pyrrolyl, 1,2,4rthiadiazolyl, naphthyridinyl, 
pyridazinyl, qginpxajlnyl, phthalazinyl, imidazo[1,2-a]pyridihe, imidazQ(2,1^bl- 

15 thiazplyl, Qinnplinyl, triazinyl, benzpfuraz^nyl, gzaind&l^l, benzimid 

bfenz€itl:ni thtenpfijyn^ thienppyrjr^ pyrfQi^pj^jf!^^ jifnic||^^f^ 
beifiaiazl^^ 1 i2^trisfziiFTy^ behzpthjazp furairTyi/ im ]nifi61^!v 
triazplyl, tetrazqlyl, indplizihyl, ispxazolyl, isoquinolinyl, ispthiazplyl, pxadiazpfy 
pyrazinyl, pyridazinyl, pyrazplyl, pyridyl, pyrimidinyl, punhyl, quinazp^^^^^^ 

20 quinplinyl, ispquinolyl, 1,3,4-thjadiazplyi, thiazplyl, triazinyl, istithia^plyl, 
carbazplyl, as well as the cprresppnding gtpups obtained from the fusion 
thereof or from fusion with the phenyl ring. Preferred Heteroaryl groups incrude 
thienyl, pyrrolyl, quinoxalinyl, furanyl, imidazpryl, indp^^^ isoxazolyl, isothiazpl^^^ 
pyrazinyl, pyridazinyl, pyrazplyl, pyridyl, pyrimidinyl, quinaZi|jihyl, quiiliolil^yl, 

25 thiazolyl, carbazolyl, thiadiazplyl, and the gfpijjp^^^^ the ftisiQn 

thereof with a phenyl ring, more especially quinplinyl, earbazplyl, thiadlazd^^ 

According to the inyentipn, "corresppriding dendritic polymer" is 
understppd as nrif aping the df rtdritic pplymer of the same generation that 
30 ppssesses the sa[frtiei^ litres, genei^tipn chains, interrriiedi^e chaihs and? dii^iWct 
ternrrinal groups. 



.-p?v>2»rD*:-:?ir*-- 
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Salts of the compounds according tp the inyentipn refer to the |>9l<jjt|Gtn 
salts of the compounds of the present iny§ntipn. Those salt^ g&p joe gfrepaTed in 
Siitu during the final .is&jatjon and puYjfiGltion of the g<6mpou^^^ The ^'^Jjtipn 
salts c^n be preRlrid;fey separ^tliy T^^^ the pufifii|d cbffvppund in its acid 

5 fpTm yyith an orgahjG or inorganic base ipncl isprating the .§alt ?o formed. The 
' additipn salts inciluidfe amjne art^ ni#tallic salts. ^Uitpble tirietaHIc salts include 
spdjum, potassium, calcium, bariLim, zinc, magnesium and aluminium salts. 
Sodium and potassium salts are preferred. Suitabie inprganic basic addition 
salts are prepared fi-pm nfi^tai bis|sV Whj6^ sodium hydricje, spcjiym 

10 hydrpxide, pp^^ hydroxide, tilOcium hydra>(jclf, aluminium hy^rc^|, 

lithium hy^roxi|l.e, rnlgftisium H^|irpX|ibi ?|hG hyi^^fP^flde. 

According to another object, the present invention relates also to a method 
for preparing the abov^rnrientioned dendritic polynriers. 
15 The cpnripouhds of the jnyeiitiph can tje prjppred by pipplj^ation or 

adaplatiph:^ an^ that Is \<r^n j^ir^^^ ^fii^Mhat is y«it|iin th^^pe 

of thf pierspn sfeljted ih th^ att^^^^ 

In particular -(A1)«s[A2rP(=0)(pX)2]2, espepialiy thpse described by Larpck in 
Comprehensive Organic Transformatiqns, V(^ Pub., 1989, or by application or 

20 adaptation of the rnethpds described In the g>ca!ftip^!fS vyhjch follow. 

In the rbactions described hereinbelpw, it may be necessary to protect the 
reactive fUlilbticjr! ||n|a|i, fdn' | xaifi|le t^ 0(W9i iltlinP- ^fM^ 

groups; when they are desired ih thi fiilal pr0ie|uct, in Order to |(Vpid |j||ir 
undesiirable partlGlpation in the reactidhs. Qpnyi^htipn^l prpteetiri^ groups can 

25- be used in accordance with standard practicd; for ^pmples see T.W. preen 
and P.G.M. Wuts in Protective Groups in Organic Chemistry, John W|l^y and 
. Sons, 1991 ; J;F;W; McQnriie in Protective Groups in Organic Chemistry, 
Plenum Press, 1973. 

30 Accprdjng tp the inventipn, thiS m^hQd: for prfpaffjng a fjendritlc pplynrer 

according to the rnyiriflipn cpmprisihg iHfe tjirfH^ g.i't^up ■i^4*s[A^^P(5=d)((p*C)2^^ 
comprises: 
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(i) reacting the corresponding dendritic polymer having a tgfmihjal fUhctipn 
-CHO. -CH=NR, -NH2 or-P(=G)Cl2 

with a cprr^sponding pompouhd hs|ying prie or tyyo -FO3X2 funetipnalities; 

(ji) optiPnally fplrdwed, When X fepre$ehts H or M, by a step which 
Gomprjsgs converting the dendritic polymer obtained in (i) having a -P03Me2 
terminatipn into the corresponding dendritic polymer having a -Ai<[A2- 
P(=0)(OH)2]2 termination, 

(iii) pptfpnally fpllpvyed, when X represents M, by a step vyhiph comprises 
converting the d^ obtained in (ii) haying a -Ai<^-P(=^)(© 

temimatib^ jiitp irtle s|ilt of the (ipf respond^ dendritic pplym^ Mvihg a 
-A1<[A2"P(=0)(OM)2]2 termination. 

The corresponding starting dendritic polymers are commercially available 
(Aldrich) or can be prepiared according to methods known perse, 

Mpre precisely, step (i). can be carried put accprding to the inyehtion 
accprding to the following alternatives: 

According to a first alternative, when the dendritic polymer according to the 
invention is represented by formula (M i) 

§4{A-B-G(D)=N-N(E)KP(^G))<r[J-K-(Alk)a^N<[A2^ (l-1i) 
in which §, A, B, C, D, E, G, N, P, J, A2, Alk, X, a, m, n, < have the mMning 
defined hereinbefore, 

step (i) comprises reacting with the corresppndirtg dendritic pplymer of the 
same generation n of formula 

-§^{A-B-C(D)=N-N(EH^^^ (11-1 i) 

wherein Y represents -CI ; 

a cpmppund of fpmula H-J-K-(Alk)arN<[A2rP(=0)(OX)2]2 (III). 

This reactron is carried put with stirring, in splutiph in a polar apfStic 
solvent, such as,.THF, acetpriitrire, ehlprpfprm, diphlprpm^^ ©MF or 
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acetone, preferably THF, In the presence of an organic onhcfrganic base, sgdh 
as cesium carbonate, at a temperature of from SQ^C to 100°C. preferably at 
arnbient temperature. 

In formtila (11^1 i). (3 preferably represients S. 

The dendritic polymers of formula (11-1 i) are preferably selected frorh: 
SPCI3. P3N3GI6. 

Gci 



A 



1 < 



N-N-P 01 I 



8 I 

GC3 



10 Acciprding to a second alternative, when the dendritic polymer accordirig to 

the invention is represented by fprrriula (h2) or (l>3): 

§r{{A'-(C=0>N(R)-B'-N*i}" iA2-P(=0)(OX)2]2l2}m 0^2) 

or 

§_{{A"-N<}"[A2-P(=0)(OX)2l2]2}m (1-3) 
15 in which §, A', A", B', B", C, N, P, A2, X, m, n* < haye the mpanipg defined 
hereinbefore, step (i) cQmprises reacting with-lhe corr^$pp^dihg de.iiidritic 
polymer of the sanrie geheratiph fii of the fprrtiuja 

§-{{A'-(C=0)-N(R)-B'-NM:2nm (11-2) 

or 

20 §-{{-A"^NH2}"}m (11^3), 

a compound of formula H-P(=0)(0X)2 (IV) . 

in the presence of a corresponding compound of formula Hr^A2-(C=0)H 

(V). 

25 This reaction is earned put with Stimnjg, pptjpnia.lly diluted in aquiePus 

solution, at a temperature 0f frprti ^5^€ XP the feiflux tismpreratufe of the mixtjuffe. 
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The compounds of formulae (IV) and (V) are cpmmefa available 
(Aldrich) or can be prepared according to meth9d$ knqyiliH^^0r ^e. 

The dendritic polymers of fomiula§ (\\^2) afid are cemm.erciall^ 

available (Aldrich). They are pr#ff rafely of thie BaB of PAMAM type mehtiphed 
5 abpye. , 

According to a third alternative, when the denidritic polymer according to 
the invention is represented i?y fpfmul^ (Ir1ii) 
§K{A-B-^t|j)^N-Ni;^ 

10 P(=^i)(0C)2|l^ (Mil) a., 

in which: 

§, A, B, C, D, E, G. N, P, J, K, L, X, A2, m. n, a have the meaning defihed 
hereinbefore, 

step (1) comprises reacting with the corresponding dendritic polymer of 
15 formula 

Ht^?M(D)T=N)-N(^^^ (11.1 ii) 

Whereih U 1^ 

a compound of fprrTiula(A!k%-CH-[A2-P(=0)(OX)2^ (VI) 
wherein Alk' cbrr^esponding to Alk defined above in formula (l-iji) 
20 represents an Alkenyl radical, in the presence of a compound of formula 

H3G-NHrNM2 (VII). 

This reaction can be carried out by application or adaptation of the 
described in J. Orjg. Chem.. 1977. 62. 4834. 

25 

The procedure is preferably carried out in a pojar aprotic solvent miidium, 
such as THF» chloroform, diphlorpmethahe or acetpnitrife, preferably GHat^b, by 
the siniuftanepus addition of (VI) and (VII) to the dendritic polymer at a 
tenriperature of from r^O- p to :§0?Q, pfilferSibly approximately O^'C. 
30 The cpmppuiia^ ajnd (Vlj) ill ipomiTjferfej^ ayaiiabte or 

can be prepiqired |fe to Mtstjipd kn<pwn per 
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The dendritic polymers of formula (11-1 ii) $re prgferlibly sjSleiQted frpiin.: 
SPCI3, P3N3CI6. 



Gc' 




Gc'2 



In order to obtain a compound of a dendritic polymer according to the 
inverition wherein X = H or M, step (i) is preferably earned put with a reagent of 
forrriula (III), (IV) or (VI) wherein X - Me. Step (ii) is then carried out starting 
frpm tpie ^Qpmpojund pf fbrrnula (^1i), (1^2), (l-gt), (VTii) phtajngd (i) wherjein X = 

.io- .Me... 

Step (ii) is preferably carried out: 

- by the action of a trimethylsilane halide, preferably trimethy|$ilane 
bromide (MeaSiBr), in a polar aprotic organic sply^nt, such as ac§tbhitrile, 
chlprofprm or diphlprpmethane, preferably acetPnjtrile. the proG|dufe is 

15 pref^rgbly carried put by slowly adding the tfimefhylsilane halide vyii||# keepin 
the reaction mixture at a temperature of from -80°C tp 50*^, pref^r^lj^ - at 
approximately 0°C. 

- followed by the action of anhydrous MepH, vyhjPh is aidded tP the 
reaction mixture. 

20 ■, , ■/ • •.- • 

in step (ill), the acid salts of the cpmppunds according to the invention can 
be obtained starting frpm the pprrippunds acGprding to the inyentipn having a 
t^nfiinal i^rPUp in which X r^pri|sinte a hydfp|iiri atom, by appjj^tipnj^ pfr 
adaptation pf i<npwn prpiGessi|s, ^ ^dditidn Pf a base. The Jilf§||diy|§ js 
25 preferably carried put in spjUtleni With stirring, in a &U|f|bie pfpti6 f f apf|tjf, 



19 

polar solvent, such as THF, bhlorofprm, dlGhloromethane, PMF, afetohitrite, 
alcohols, water, preferably Wjater, In the pres^nse of an organic or ihorliarlic 
base, such as spdium, llthiurn or pbtassium hydroxide, iti#pehd|hg dn thfe §alt 
that is desjr^d. . 

. 5 . . . ■. :. . 

' When the starting d^^^ have terminal groups 

other than the ternriinal functions describecl above fpr the dendritic polymers of 
formulae (11-1 i), (11-1 ii). (jl-2) and (11-3), thfe m|thad aBip^ to the invention 
comprises an additipfr|] prelirriih^n)^ stfep #iidh j^llovw^ s^aJid |jroups to be 

10 ;g6h?^er1;i^d ihto Said required fun|tipn;|. Fpr fxaitt^rlh thf jt|| |f\j||n|ir^^ 
pQ]^rtr|Brs hivihg tepm)jftalf |r5Mes # till ^frtll^lip leid pir hydrox0 ty|% it is 
sufficient to carry out any reaction allPwing said groups of the carboxyHc acjd Pr 
hydroxyl type to be converted into functions of the -NHa, -CHO, -CH=NR or 
-PSCI2 type corresponding to the dendritic polymers of fprmyla (11-11), (M-lii), 

15 (||r2) or (11^3). Such reactions are known tp; the p#rspn stilted |n the art and/or 
can be earned put by appllcatipn or adf||ta1:i$»n pf thtise di^PUsSj^idsby LarPCk et 
al. (supra). 

In order to obtain a dendritic polymer according to the invention of 
20 generation 0, the abpye reactions can be carried put in the same manner by 
proceeding from the core, vyhich has the requ ired f u nctiona lity . For example, the 
generatiph feactjohs Pan be eal'ned ^ur a P^Gb, P3N3GI6, PaN^GIs 

or 

2 \-^^NH2 ^ NH2 

25 core. 

The compounds of fpmnula (III) are npyej and accordingly also form part of 
the present invention. 

The present inventipn accpfdingjy relates also to cpmpoundis of 
formula (III): 

30 H-J-Kv(A|k)a-N.<[>P^KF>(=0)(pX)2l2 (III) 



?^K&'^m^^!fcr-;:.:/jKiiSK:«« vx-i--2saai»v---;55v-wK'?i^»K^^^^^ - •- ? 
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in which 

X represents H. a radical -AlkyI, -Aryl or M*. wherein M* represents a 
cation; 

J represents an pxypn atom, a sulfur atom or a radical -NR-; 
5 K represents a radical -Aryl-, -He^erpja.ryl-, -AlkyI-, each of which may 

optiprially. fae substituted by a Halogen atom or by a radical .-N.O2. -NRR'.. 
-m, -CF3, -OH, -AlkyI, -Aryl, -Aralkyl; 
the radicals A2, which may be identlGal or different, each independently of the 
other represents a single bphd or a linear or branched hydrpgai-bon chain 
10 mw§ fTO 1; tP ^ ^lln rtimfeer?, it bem^ P!?s|ib|e for e|#i pf said chain 
m^j&r^ pMiShafiy W W Ifeiifed trpm a Hf tirpatpm. pfeflribly niti^ppm it 
being possible for each chain member to be optionally substituted by one or 
more substituents selected from -AlkyI. -Hal, -NO2, -NRR', -CN, -CF3. -OH, 
-OAlkyl, rAryl, -Aralkyl; 
15 -Alk- represerits an alkyi radical; 

a represents 0 or 1 . 

In fomiula (111) above, J preferably represents an oxygen atom. 
In fomiula (111) above, K preferably represents an optionally substituted 
20 phenyl ring; more preferably, K represents an unsubstjtuted phenyl ring. 

In formula (HI) abpve, -Alk- preferably represents a radical -Ethyl-. 
!n formula (III) aboye, A2 preferably represents a radical -AlkyI-, more 
preferably -Methyl-. 

In formula (111) above, X preferably represents -H pr -Me. 
25 The compounds of fomiula (III) can be obtained from a compound of 

fomiula (VIII) in the following manner: 

H-J-k-(Alk)a^NH2 (VIII) + H-A2;-(C=0)H (NO + 

H-J-K-(Alk)a-N<[i0^-PO3X2]2 (111) 
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wherein, in fpnnula (V). is a radical corresponding to A2. 
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That reaction is carried put by application or adaptation of a method known 
per se, especially described in I. Linzaga et al, tetralv^fon 2002. 58. 
8973-8978. The procedure is ^txm m especially by the §I0W addition pf the 
cpmppuhds (VIII) and (IV). thf n of m (V). Optionally dilyted in 

5 aqueous solution, preferably at a temperature, of from -5 to ?5°C. preferably at 
apprpximately 0°C: The reaction «^ then allowed to adjust to ambient 
temperature and is then optionally reacted under reflux. 

In the description of the method hereinb&fpfe. tWp grqups are sajd to be 
10 ^'Gbri^ipiidrhg^ Vyhen th|y ajfi: both jnclMdid in a iirtih| ^^-^^^y^:^^ 
■ pfpdiEw their stm 

said method may optionally also include a step comprising isolation of the 
product obtained following steps (i), (ii) and/or (iii). 
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The compound so prepared: can be:E^€^^^ th^m^^tipn miKtMr^vt^y 
conventional methods. For e>^ampte. tfte cpmpM^ m re^V^red. by 
removing the solvent from the reaction mixture by distillation or. if necessary, 
after removal of the solvent from the mixture of the solution by distiHatipn. by 
20 pouring the remainder into water and then carrying put extraction umipg |n 
organic solvent that is immiscible in water, and r^rTVpving the splyent mfti^ 
, extract by distillation. Furtheitrtpre, th^ PfP^^^ if %s!p, be purified 
further by various techniques, such as .recrystallisatiPn. reprecipitatioh or the 
various chromatographic techniques. #sp^ii!ly Qdlumn chrdmitpgraphy i>r 
25 preparative thin-layer chrpmiatography. 

It Will be appreciated that.the compounds used according to the present 
invention can contain asymmetric centres. Such asymmetric centres can have 
the R or S configuration, independently. It will l?e apparent to the person skilted 
30 in the art that sprfte epmppurid^ u^ed acc^jrding tp m mfm^ 
gebrtietrical isomerism. It muM be umi»«>^* W f ^ Ipirit- ln\^|pi 
Includes individual ge<?metriial is^ers and stere6iS?m#i%. m ^r^mm 
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thereof, including racemic mixtures, of eprnppunfds of formula (1) i^pye. |uGh 
isomers can be separated from their nriixtures by .WiNtipn of fdrptatibn of 
l<npwn processes, for ex^ple #tron1|t^ t#h(n!*iMP r|?^llisati?rti 
techniques, or they ate ffmim^ ^tfiliV frpm the apprPpriate 

5 isomers of their iiniterrne^^^^ 

^ Ppr the purposes bf this text/it wHI be undbfstppd that the tauterriiBric forms 
are included in the mention of a given group, for example thiP/mercapto or 
oxo/hydroxy. 

Thp cpmjppunds us#d accprding to the P!fs|jnt invention can readily be 
0 pr^^id, Pi^ fbrmed during the methpd of the invention, in the form of ^plyat^s 
(fbF i^m^ife Hyd^t^iF^ hrtip^ Wl ©Mftu^s usid ^«n^ 
present invention can readily be prepared by mbrystaiiisatibn from ah 
aqueous/organic solvent mixture, using organic splvents such as dioxane. 
tetrahydrofurian or methanol. 
15 Th? base prpducrt^pr the interm^^^^^^^ 

ad^ptltipn pf mm prpce#ses, f^^ pra^pi^i? d^l^W in the 

Reference Ixampies or the^^^ 

The inventors have found that the dendritic polymers according to the 
20 invention have particuMly advamt^gppus properties permitting the treatment pf 
surfaces. M^ecially of metal surfaces or surfaces based on silicon or Pn oxides, 
such as ^iiirrflide. mlm^' m ^ MSid|?p^cial|y as p 

additive 1^ any compPsitibrv|ilal js tp be in contact with or to tr^at said si^^ 
They cart be used especijiily sis ^h anti-cprfQ^iye. agent, a lubrieiting fgeiiti a 
25 scale preventer or as a fime retahJarit. espf ppiiy fbr |itastics pblymers. 



30 



General 

The reactions vyere carried put under a idry argon atmpsphfre (argon U. 
Liquid Air). The fpllbWihg S0ly#!|& vyere dried and distl)!# ; jJhdf r argpn 
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immediately prior to use, according to techniques fif scribed in the literature^ 
tetrahydrofuran, dichloromeijthane, .acetonitrile. pehtene. toluene, diethyl mhfer. 
chlprpform. triethylamine, pyndjhe. 

Thin-layfr em^Hiatp^ vyere ^iarried out on silica-coated aluminium 

plates # type Mf*^^^^ 

HmR spectra w^re r&c^irded on BrOker - devices (A'C200. AM250, pPX 

300). GhemiGal shifts are expressed in parts per million (ppm) relative to 85 % 

phosphoric acid in water Tor ^'P jNlMR « r^pve to tetramethylsilane for 

£ind ^% |h|MR^ the fqltarig i^rf^iationS h|V^ pen usfed to exjpress the 

muitiiil^pf m f'WBi^oimi^^ 

d^ute (^l^iiSVt (ilit). ^ »^bl thrift) q (qUilm|)ij| jiil* 

(heptuplet). m (uniresolved itiuftipfet). 

Infra-red vibrational spectroscopy was carried out on a Perkin Elmer FT 
1725X spectrometer. UV-visible spectroscopy was carried out on a HP 4852A 
device. Thermpgrayirnetric measurements were carried put pn a Netzch DSP 
204 or Setaram TQA 92^16.18 device. 

Mumberina used for NMR allocation: 

1 Co Co I q2 Q 

R = Me,H,Na 

Fxample of. numbering for a first generatin n dendritic polymer 



^ D. D. Perrin; W. L, F. Armaf^go Punficatlqn of Laboratory Chemicals, Third Edifipn] 
Ed.: Oxford, 1988, 
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structures of the various dendritic polymers used as starting maferiai 



P3N3 




G'l Gtfi 



PjN, 



GC"2 




5 Example 1 : Synthesis of the first generation dendfltic polymer having a 
tetraisopropyl gem-diphosphonate surface 



/ Me . , 



s7 N^N P-OiPr 

M 

.-P-OiPr 
^ QiPr 




10 ' Thedendritic pplymerGcV(7.0;10-^^ mg) is dissolved in CH2GI2 

(10 ml), and th^n mpnomethylhydrazme is added at O^C (1.3 mmol, 66 ^il) as 
weil^ tetralse^pyNinyr^^ (0^7 ^ in the knpvyl^dg^ that it is 

pure bnly at §5 M'&ife fdjitii^i^it^ m siffiUfifipMs fid in drMer to 
avoid the formife:^^ an ihSort^ ll^r^te. Wh#ft^ th^ Wdifim is mmm< 

15 the mixture is stirred at atmm W^mme Ibr 24 mm- i^lpati^n Pf tile 



5r> 

i 



i 
t 



10 



15 
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solvent under reduced pressure, fpllpwed by Washing 3 times with 50 ml of pure 
pentane, permit elimination of all the by-prQ'ducts of the reaction as vyell as this 
impurities cpnt^ined in the staTtifig tfetraisograpyl-yinyl lem-dlphosphpnate. the 
final product is isolated in a final yield Pf 7(i%. 

3ip.{iN} NMR (GP«Gl3) : 5 - 6^.5 (s. Pi); 23,5 (s, P(Q)(0iPr)2); 1 1 .9 (s. Po) ppm. 
■"H NlVlk (Gpeis) : 5 = 1,29 (d, ^Jhh = 6.1 Hz, 288H, -0-CH-(Chi2)2); 2.91 : (s, 
36H, N-N(CM3)-CH2-); 3,00 (tt. ^Jhp = 23.6 Hz, %h = 6,0 Hz, 12H, -CH- 
(P(0)(OiPr)2)2); 3.23 (d. 3Jhp= 8.8 Hz, 18H, CH3-N-P1); 3.78 (td. %p = 14.7 Hz. 
3Jhh = 6.2 m, g4H. .€Hg-GH-m(0)(iliPr)2)2); 4J4 (hept, 'Jhh - 6.1 Hz, 48H, 
.r|i|ilM-(GH||)^ |;8^7J (nil. ^OH^fHarbr^t Jnd GH=N) ppm. 

^Jh} iA (^qlSb)^ 5 ^ |i>7 ((ifijcP - 3.1 Hz, -p.GH.(GH2)2)i ^3 8 (d, 
3jcP= 2.5 Hz, -0-GH-(GHa)2); 24.0 (d. ^Jcp = 3.0 Hz, -0-GH^(CH3)2); 24.2 (d. 
3jcp= 2.9 Hz. -0-CH-(etia)2); 32.9 (d. ^Jcp= 117 Hz, CH3-N-P1), 37.7 (t, Ucp = 
132.2 Hz, .CH-(P(0)(OiPr)2)2): 38.8 (s, N-N(CHa)-CH2-); 55.1 (s, -QMg-CH- 
(P(P)(piPr)2)2); 70,9 (d. V«?p= 6.6 Hz. .p-£HKCH3)2); 71.3 (d. Vcp= 6.8 Hz, -O- 
GHj(G]H3)2); 121.2 (s t5rpad. G/. Gi?)^ 126.3 (s, 128,2 Gb'); 12^ {s, 
GH=NrN(M^>feH2); (s, Go'*). 134.5 (s, Gi^)/138.8^(s broad, £H=^N=^N(M^^ 

Pi). 149.4 (d, 2Jcp= 7.5 Hz, Gi^), 151.1 (s. Go') Ppm. 



20 Example 2 : Synthesis of the second generation dendritic polymer having 
a tfetraisoprppyl gemrdlphpjsphonate surface 
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The ciendritic pplym.er (3c'2 (2,?.10-2 mmpl. 200 mg) is dissplyed In CH2CI2 
(10 ml), and then mp;np:methylhydfazin.(^ is.^^^^^^ at P°.C (1.05 mmplj §g til) as 
well as tetralspprppyl-vinyl gem-diphpisphpnate (0.575 g in the Krt®Vv!;i$dg| it 
is pure only at 65 %); the addition must be simultaneous and $lPw in order to 
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. avoid the formation of an insoluble aggregate. When the addition is eohnplete, 
the mixture Is stirred at ambient temperature for 24 hours. Evaporation of the 
splvent under reduced pressure, fOjlQWied by y|/|ish|n9 3 tjmes with 100 rtil of 
pefltang/dther 1/1. permit eJiiininf tion .ef all the by-prodUGts of the r^aetipn as 
5 well as the |rnpur|ties cohtained In the starting tetraisppropyl-vinyl gem- 
d^phpsphoha^e. The fipa^ 

3ip-{^H} NMR (CDCI3) : 6 = 66,4 (s, P2); 66.1 (s, Pi); 23.5 (s. P(0)(0iPr)2); 11.8 
(s, Po) ppm. 

NMR (CPCI3) : 5 = 1,25 (d, ^Jhh = 6.0 Hz, 576H. -Q-CH-(GHa)2): 2.87 (s, 
iO 72Hr N^N®Hi>;GH2-); 2,97 (tt, ^j^p = ^3.6 Hz. =^Jhh = 6.6 0, 2^\i,j^ 
(P(O)(PiPi02)i); M4 (d brpad. Vhp= 9>5 Hz, S4H, GH3-N-Pi2)r3.W (td^ ^JgP 
13 9 Hz, ""Jhh = 6.2 Hz, 48H. -GH^-CH-(P(0)(diPr)2)2); 4.71 (hept.'JHH = 5.9 Hz, 
96H, -0-CH-(CH3)2); 6.8-7.8 (m, 210H, CHarom and CH=N) ppm. 
^^C-CH} NMR (CDCI3) : 6 = 23.8 (d. ^Jcp = 3.1 Hz, -0-CH-(CH3)2); 24.2 (d, 
15 VcP = 3,0 Hz, -Q-CH-CSJdb)?); 32,9 (d. Vcp = 1 1 -8 Hz. C;H3-K-Pi,2). 38.3 (t, Vcp - 

1^.1 Hz. ,-adKF(Q)(OiPf)2)2): 3^8 (s. N-N^a^iHte^); B5^2 ($, ^i|j|;iH> 
(P(Q)(QiPr)2)2)^ 70.9.(d/2jbf'^ 6.8 Hz. .6^(1 ^^^^ 7l:v3 (dv^JgP ^ 6: tHz/^Q- 
CH-(CH3)2); 121.4 (s broad. Co^ Ci^. Gz^); 126.4 (s. Cz^); 128>3 (s broad. Co^ 
Ci^); 129.5 (s, GM??N-N(Me)-CH2); 132.1 (s, Co"*). 132.4 (s, Ci^), 134.5 (s. Cz^), 
20 138.7 (s broad, £H=N-N(Me)-Pi.2). 149.5 (d, ^Jcp = 7.4 Hz, 02^), 151.2 (s, Co\ 
Ci^)ppm. 

Example 3 : Synthesis of the third generation dendritic pplyrtrer h^Yir^ «a 
tetraisopropyl gemrdiphpsphpnate ^ufface 

25 The dendritic polymer Go's (1 .35.10"^ milipl, 200 mg) is dissolved in CHzClz 

(10 ml), and then monomethylhydrazine is addeid at O-'C (0:97 mmol, 52 |il) as 
well as tetraisopropyl-vinyl gem-diphosphon?ite (0.532 g in the knowledge thigt it 
is pure only at 65 %); the addition rnyst be sjmgltaineous and slow in order to 
avoid the fpmiiatipn pf an inspluble aggregat!^. Wh^n th^ additipn is complete, 

30 the rtiiJcture is i|tir:rid at arn^reht tilmpi^^^^ fp^ 24 hpufS: i^ppf^l^pn §f the 
solvent under reduced pf^ssyre^ follpWid bry Washirlp ^ timi(|^ v(!th:;lp rfll. pf 
pentahe/ether 1/1, peniiit 'elliphittatipn of all the byrtfpidMct^ i^^^ 
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well as the impurities contained in the starting tetftipprppyi-vinyl gSm- 
diphosphonate. The final product is isolated in a final yield Of 80%. 



. Me 

* /■• /?=\ Me 
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15 



20 



^^^FK^H} NMR pP^Jla) ^ 6= 66>3 (s, P3); 66.0 (s, Pi,?); 251.5 (s^ P{Q)(©iFr)2); . 

NMR (CpCIa) : 5= 1.26 (d, ^Jhh = 6.0 Hz, 1152H. -0-eH.(Chy2); 2.88 (s, 
144H. N-N(QHa)-CH2-); 2.98 (tt. ^Jhp = 23.9 Hz. ^Jhh = 6.6 Hz, 48H, -CH- 
(P(0)(OiPr)2)2); 3.26 (d brpad. ^Jhp= 9.5 Hz, 126H. CH3-N-Pi,2.3); 3.74 (m, 96H. 
-CH2-C5H-(P(P)(:C>iPr)2)2); 4.70 (hppt, %h = 5.9 Hz, 192H. rQ-£H-(GH3)2); 
6;8i=7,8 (m,450H/OHarpma^^ . 

{^H} NMR (Gbeb) : 6 = ^3:9 \d, "^^Jcp = 2-9 . Hz. :-6^GH^jpda)2^^ 24-2; ^d,- 
3jcp= 2:5 Hz, -0-GH-(GH3)2): 32.9 (d. ^Jcp = 12.3 Hz, CH3-N-Pi,2,3). 38.4 (t, 
Vcp= 132.3 Hz, -GH-(P(0)(OiPr)2)2); 38.9 (s, N-N(£]d2)-GH2-); 55,2 (s, -GH2- 
CH-(P(0)(OiPr)2)2); 70.9 (d, ^j^p = 6.9 Hz, -0-GH-(CH3)2); 71.3 (d,' Vcp = 
6 9 Hz, -6^(gjH3)2); 121.4 (s, 121,8 (s brdafd, Go^ Gi^. G2?); 126.4 (s, 
G3=); 12# ^ibraad, Go^ Gi^, G2')n|9:6 (s, ^N^N(Me)-GH2)r 131.3 (s, Gp"^; 

132.4 (s broad, C^, 134.5 (s, G3*); 138.7 (s broad, CH=N^N(Me)rPi,2,3) 

149.5 (d. 2Jcp= 8.1 Hz, Ca^); 151.2 (s broad, Gp\ CV. ^z) ppm. 

Example 4 : Synthesis of phenol aza-b|s-dirnethyl^phpspho 

: ^ ^ '^^p.QMe : 
V-Pf^ 



Tyramine (6 g, 43:7 mmpl) and dimSihy' phcfgphip (1P;32 ml, 11^;5 mmpi) 
are mixed at O^C, and fttett H 37% fPiTTitldehytfe ^piutpfi |n water (%i ml) is 
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added slowly, still at 0°C. The Whole is birpught to ambieht tfemperature byer a 
period of 30 minutes and is heated under riflux for one hour, with fftaghetic 
stirring. Finally, the erude re^^Jion m^ure is praced gndfr tmm f^ressure in 
or#f tp eya|imte thie mm fbffmiidehyde. The product is extracted using 
a GhiprpfPnTi/^^ 190 ml pf chlprofbmri) aruJ is then 

^jHrbmatpgra^id on s^ using acetone as eluant The final product is isolated 
in a yield of 65%. 

^V-{^H} NMR (GPCI3) : 5 - 30.2 (s, P(0)(OMe)2) ppm. 

H0 (mmW) : 6 = 2.68 (t distprted. ^Jhh ^ 7$ Hz, 2H, -gidrQHz^N); 3.05 (t 

diitlfci 71 Hz, m^S^m mM ^hp= s.? H^r|H, J^^g^r?); 
iO/7 Hz. im, MMtMA (itiv4H, mm*^\ sM^smm, 

-OH) ppm. ^ 
'^C-CH) NMR (CDCI3) : 5 = 32.7 (s. C5); 49.4 (dd. ^Jcp = 6.8 Hz. Jcp - 
158.5 Hz. C7): 52.8 (d. ^Jcp = 3 Hz. Qa); 58.8 (t. 'Jcp = 7.5 Hz. Ce); 115.4 (s. 
G3); 129.8 (s. Q2): 129,8 (s. C4); 155.9 (s. Ci) ppm. 

Example 5 : Syntiigsis o^ phejt^^^ 

6 

^^^^ ^OMe 

' OMe 
MeQ 

Phenplamine (5 g. 46 mmol) and dimethyl phosphite (10.5 ml, 115 mmpl) 
are mixed at 0°C. and then a 37% fprmald^hyde solution in water (10.6 ml) is 
added slowly^ stjll at 0°C. The whole is brpught to f mk)ient temperature pver a 
period of 30 minutes and is heated under reflux for one hour, with mfgnetic 
stirring. Finaily, the crude reaction mixture is placed under reduced pre§sufe in 
order to evaporate off the excess formaldehyde. The product is extracted using 
a chlorpfprm/Water mixture (3 x 100 ml of chlprpfprm) end is then 
chrpmatpimihed pn silipa usin0 ^petpne as eluem. The finei pmm 

in a yield pf 30^, 

3^P-{^H} NMR (GPOb) : 6 = 29.8 (s, P(p)(0Me)2) Ppm. 
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NMR (CDCI3) : 6 = 3.67 (d. ^Jhp = 10.6 Hz. 12H. -pMe); 3.84 (d. ^Jhp = 

5.7 Hz. 4H. N-ChU-P); 6.6-6.9 (m. CHa«m. 4H); 8.05 (s broad. 1H. -QH) ppm. 
"C-{'H} NMR (CPCI3) : 5= 47,6 (d. Vgp = 157.1 Hz. C5); 52,6 (d. Vcp = 

3.8 Hz. Ge); 52.7 (d. ?Jcp = 3.3 Hz. Qe): 115.8 (s. C3); 117.3 (s. C2)'. 141.0 (s. 
G4); 150.9 (s. Ci) ppm. 

Example 6 : Synthesis of the first generation dendritic polymer having an 
azarbis-dimethylrphosphpnate surface: 




eesium carbptiate (6.898 mmdl, 2. 25 g) is abided to a ?Qlut.ipn of the 
dendfttic EK)lyrner Bci (0.273 mmol, .500 mg) in splutipn in a^^ 
(10 ml), and then phenol aza-bisrdimethyl-phosphonate Is added (3.449 mmol, 
1 .31 g). The mixture is stirred fpr 24 hours at ambient temperature and then the 
final mixture is filtered with THF in pi-der tP sep^r^e off the salts. Finally, the 
final product is purified by precipit^tipn from ppnt^ftp.. 

^V-{^H}NMR {#Gl3) : 6:==|8.7 (s, Pi)i 31;9 (|^, 13^7 % Po) Ppm. 

NMR (GDGI3) : 5 = ^9 (t, 'Jhh " 6.8 Hi 2M^:&^Hi!^\ 2^ 
6.8 Hz, 24H, GH2-CH2-N); 3.13 (d, ^Jhp = # Hz, 48H. -QhrPm^^^^^^ 
(d, ^Jhp= 11.8 Hz, 18H. GH3-N-P1); 3.67 i;d, VHP = iP-2 Hz, i44H. -P(0)(0- 
ChU)2); 6.8-7.8 (m, 78H. GHarom, GH=N) ppm. 

'^C-CH} NMR (GPGI3) : 6 = 32.9 (d. ^Jcp = 11 Hz, GH3-N-P1); 32.95 (s, CHg- 
CHz^N.) 49:5 (dd. Vcp =157.5 Hz, Vcp = 6.8 Hz -^-P(0)(OGH3)2); 52.6 (d. 
?Jcp^ 4.0 Hz. -P.(Q)(Pr£ib)2): 57,8 (t. Vcp = 7,2 Hz. CHz-gHU-N); 120.8 (s. Go'); 
120:8 (d, ^Jb-r 4.1 Hzi Gi^); m3 (s, W)) W^^ ^i')^ ''31.9 (s. Go*); 136.3 
(s. C^''): t?8v4:(d, Vcp= 14- 1 Hz, ^HiN); m,5 (d, Vcp - 7.0 Hz, Gi'); 15Q.8 (d. 
Vcp =3.0 Hz, Go^) ppm. 
Yield: [70%]. 



-?5;-M rvc^i* >r?-;v <c*j:^-^>z->:ATgae5as£a-^>>^^^ 
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Example 7 : Synthesis of the secpnd geheratiph dendfttic polymer haying 
an aza-bis^imethylrphpsph fMirfape 

Qesium carbonate (5.28 mfnpl, 1.72 g) is added to a solution of the 
dendritic pplyttier Gc2 (0.104 mmpl. 5.Q0 mg) in solution in anhydrous TKF 
(10 ml), and then phenol aza-bis-dimethyl-phosphonate is added (2.6 mmol. 
1.00 g). The mixture is stirred for 24 hours at ambient temperature and then the 
final mixture is filtered with THF in order to separate off the salts. Finally, the 
final product is purified by precipitation from pentane. 



P3N 
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Final yield: 78%. 

3ip.^iHj {sjMR (GDCla) : 5 = 66,5 (s. P2); 66;2 (s. Pi); 30.1 (s. P(0)(0IVre)2)v 12.1 
(s. Po) ppm. 

15 NMR (CDCI3) : 6= 2.69 (s broad, 48H, Cba-CHa-N); 2.99 (s broad, 48H. 
CHz-GlH^-N); 3.12 (d. ^Jhp = 9 51 Hz. 96R, -CH2-P(Q)(QCH3)2); 3.24 (d, ^Jhp- 
8.5 Hz, 54H, CH3-N.P); 3.66 (d. ^Jhp = 10.4 Hz. 288H, -P(P)(0-aH3)2): 6.6>-7.7 
(m, 186H, GHarom. GH=N) ppm. 

i3c-{^H} NMR (CDCI3) : 6 = 32.95 (s. Ghb-CHs-N); 33.0 (d. 2Jcp = 11-2 Hz, GH3- 
20 N-P); 49.4 (dd. VcP = 157.5 Hz , ^Jcp = 6.6 Hz -CH2-P(0)(OGH3)2); 52.7 (d. 

4.2 Hz, -P(0)(0-Ct!a)2); 58.0 (t, 2jcP= 7.1 Hz, GHz-CHa-N); 121.2 (s, Go'); 
121.7 (s. d^); 121.2 (d. 3Jcp= 3.9 Hz. C2') 128.3 (s. Gi^); 129.65 (s. Go^); 129.9 
(s. G2'); 132.1 (s. Go'); 132.4 (S.. C/); 136,5 (s. Ca^); 138.6 (d. 2Jcp= 13.3 Hz, 
CH^N); 148!8 (s. Co'); 148.9 (d. W = 7.5 Hz. C2'); 151.2 (d. 2jcp= 7.4 Hz. CV) 
25 ppm. 
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Example 8 : Synthesis of the third gefidration dendritic piplyrfier hjayjhg an 
aza-bis-dimethylrphQsphjpiiate suffice 

Cesium carbonate (0.941 mmol, 0.2lp6 g) is added to a splutiph of the dendritic 
p&lyrtiei- GC3 (9.3.10'^ mfripl, 100 mg) in s^ilutipn in anhydrous THF (2 ml), and 
5 then phenol azaTbis^dimethYl-phosphPn?ite |s added (0.471 mmol, 180 mg). The 
mixture Is stirred for 24 hours at ariabient temperature and then the final mixture 
is filtered with THF in order to separate off the salts. Finally, the final product is 
purified by precipitation from pentahe. 




10 

FingI yield: 80%. 

3^P-{^H} mm (CDCI3) : 5 = 66.6 (s, P3); 66-3 (s. Pz); 65.8 (s, Pi); 30.2 (s, 
P(0)(OMe)2); 12.0 (s, Po) ppm. 

"•H NMR (GPCI3) : 5= 2.67 (s broad, 96H, CH7-GH?-N): 2.97 (s broad, 96H, 
15 CH7-CH2-N); 3.10 (d, 2Jhp = 9.60 Hz, 192H, -£H2-P(P)(OCH3)2); 3.25 (s broad, 
126H, CHs-N^P); 3.63 (d, Vhp = 10.25 Hz, 576H, -P(O)(0-£lda).2); 6.5-7.7 (m, 
402H, GHarom, GH=N) ppm. 

'^C-CH} NMR (CPCI3) : 5 = 32-9 (s, GH?.GH2-N): 32.9 (s, GH3-N-P); 49.3 (dd, 
iJcP = 157.5 Hz , ^JcP = 6.5 Hz -eH2-P(0)(C?GH3)2): 52.6 (d, Vcp = 3.6 Hz, 
20 -P(0)(0-CHa)2); 58.0 (t. ^JcP = 6.9 Hz, CHz^iOtia-N); 120.5 (s. Go^); 121,2 (d, 
3jcp= 3.1 Hz. Ca^); 121.5 (s, Gi^); 121.8 (s. 128.2 (s, Go^); 128.2 (s, Ci^); 
129.6 (s. Gz^); 129.9 (s. Cg^); 132.3 (s, Co*); 13f 3 (s, C/); 132.3 (s. C2*); 136.5 
(s, G3*); 138.6 (d. ^Jcp = 13.0 Hz. CH^^N); 148.9 (d broad. ^Jcp = 6.3 Hz, Go\ 
Ci\ C3^); 151,2 (d. Vcp= 6,1 Hz. C2^) ppm. 



25 
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Example 9 : Synthesis of the first genetertion denafitil: pplyfti^r having an 
aza-bis-phosphonic surface 



P3N3 




.Brpmotrimethy!|i|^ne (1.04 mmol, 138 14I) Is a|,did s|0wly tQ f s/pjutjon Of 
5 first genfefitioh dfei5|n|ic fjdjyfTiiir havirif lia^lll^^dimffH^ 

(i .68.i0'^ mmdl, 100 rtlg) at 0°C in aee'tonitrije (5 ml). Whfeft th0 additiph is 
complete, the mixture is allowed to return to ambient temperature over a period 
of 12 hours. The mixture is then evaporated to dryness, and then 1 ml of 
anhydrous methanol is added at ambient temperature and the mi)rture is stirred 
10 for one hour. After eyai^pfatipn to dryness, the f)e?idge; is washed several times 
• with pure ethier: Bee?au# the? pr^|i# s^^lveiitSilt is 

converted into its mpfipsodiurh Salt in the presj$hbe of sodium hydrpxide 
(36.3 mg of sodium hydroxide for 100 mg of dendritic pplymer). The resulting 
solution is lyophilised to give the dendritic pplynrier in the form of -a white 
is powder. The fihal prpduct Is isolated in a final yield pf 58%. 
Final yield: 50 %. 

^^P-{^H} NMR (CD3GN/D2O) : 5 = 67.9 (s, Pi); 14.4 (s. P(0)(QNa)2); 12,9 (s, Pp) 
ppm. 

^^C-(H} NMR (CD3CN/D2O) : 5 = 31.95 (s, eMg-CHi-N); 35.5 (d, ^Jcp= 10.9 Hz, 
20 CH3-N-P1); 57.0 (d, ^JcP = 136.8 Hz, -eHa-P(0)(QH)2); 60.7 (s, CHz^Gfeja-N); 
124.1 (s, Co^); 124.1 (s, Ci^); 131.3 (s. Co^); 133.5 (s, C^^)^. 135.3 (s. Co^); 139.0 
(s, 0/); 143i2 (s broad. CH-N); 151.7 (d. ^Jcp = 7;0 Hz, d'); 153.3 (s. Gb^) 
ppm. 
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Example 10 : Synthesis of the seppnd generation dentliriti.c j^^lymer 
having an aza-bis-pjiosphpnic suffade 

Bromptrim:e.thylsHane^(^ mmp!, 1>34 ml) js agded sjpvyjy to a solution of 
seepnd gen^raJ'Pn denptie PQiymer having aza-bis^dimethyl-phpsphpnate 

5 ends (8.27. mmoi, 1 08 g) at 0°C in acetpnitnle (10 mi). Wiien the addition is 
complete, the mixture is allowed to return to ambieht temperature over a period 
Of 12 hours. The mixture is then eyapprated tp dryness, and then 3 ml of 
anhydrpus methanol are added at am|)ient temprature and the mixture is 
stirred fpr one hour: Aftir eVappratipn to trynf^s, thfe residue is vyashed several 

10 ^ times #h pur^ ith#? the pirpduct is tpMlly ihSpiiiyp ,in pjf|^ic 

sbryents, it is cpnWrt^ intb its mpn.dspdjum salt in the pmseffcfe of W^jiiyfn 
hydroxide (8.2 mg of sodium hydroxide for 50 mg of dendritic polymer), the 
resulting solution is lyophiljsed to give the dendritic polymer in the form of a 
white powder. The final product is isplated in a final yield of 62%. 

W^O-'-^Wp/o^Chs^ Me ^ 





15 - ^. • 

3ip-{^H} NiyiR (CD3CN/P2Q) : 6= 67.8 (s, P2); 67.6 (s, Pi); 10.5 (s, 
P(0)(ONa)(pH)); 10.0 (s, Po) ppm. 

^^C-CH} NMR (CD3GN/P2O) : 5 = 31.6 (s, GH3.N-P1); 35.3 (s, GHg-CM2-N)^ |5^2 
20 (d, ^ Jcp = 1 28.2 Hz, -eH9-P(0)(OH)2); 60.4 (s, GHzrGHrN); 124.3 (s. Go'); 

is. Gi'); 124.3 (s. C2^y, 131.3 (s. Go'); 131.3 (s. ch 133.3 (s. G2'); 135.0 (s. 

Co^); 135.0 (s, C/); 136.0 (s, Cz^); 142,5 (s broad, CH=N); 151.8 (s broad, Ga^); 

.153.3 (s broad; Gi^); 153.3 (s. Co^) ppm. 

bendritic polymers having an aza-bis-phosphonic surface cannot be 
25 prepared by isipplipation or acjaptatipn of the above rriethod starting from the 

ejendritjc pplym^rs having a tetfais^prbpyl gem-dipftbsphpnate §uff^p0 of 

Examples 1 tp 3. 

Dendritic polymers having an aza^l?is-|?hiQsphpnic surface can be fpiparg^ by 
application or adaptation of the above finethbd starting from the d^ehptjc 
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polymers having an aza-bis-dimethyl-rphosphonate surface of Examples 1 1 and 
12 below: 

Example 11 : Synthesis of tl^ie first generatidn dendritic polymer having an 
5 aza-bis-dirnethylrpihp$phpnate^§^ 

Cesium carbonate (2.94 mmol, 955 mg) is added to a solution of the, 
dendritic polymer Gci (0.116 mmol, 214 mg) in Siplution in anhydrous THF 
(10 ml), and then phenol is added (1.47 mmol, 520 rtig). The mixture is stirred 
for 24 hpiirs at ambieht temperature and then the final mixture is filtered with 
10 THF in order to separate ptt the ^altis. Finally, thp final prPdupt is ^i§hj!<d With 
ether and then punfied by precipitiatibn from pefitahfe. The final pfoduet is 
isolated in a final yield of 76%. 

OMe 

0=P-OMe 



^ n-n-p|o-^Jkn 



0=P-OMe 
OMe 



^^P-CH} NMR (CeDen-HF) : 6 = 67.9 (s, Pi); 29.3 (s, P(0)(0Me)2); 12.3 (s. Po) 

15 ppm. 

NMR (CDCI3) : 5 = ppm. 
13C-{^H} NMR (GPCI3): 5= 33,0 (d, ?Jcp = 1.1-8 Hz, CH3-N-P1); 46.4 (d, 
^Jcp= 158.3 Hz, -aH2-P(0)(OGH3)2); 52.6 (d, ^Jcp = 3.7 Hz, -P(0)(0-;^iy2)^ 
52.7 (d, 2jcp= 3.9 Hz, -P(0)(0-CH3)2): 114-4 (s, Ci^); 121.2 (s, Co^); 1^10 (s, 

20 Ci^); 128.3 (s, Co^); 132.2 (s, Go^); 138.5 (d, Vcp = 14.1 Hz, CH-N); 142.9 (d, 
^Jcp= 6.5 Hz, C/); 145.1 (s, Gi^); 151.1 (s brpad, Go^) ppm. 

' Example 12 : Synthesis of the second generation dendritic polymer 
having an aza-bis-dime1iiyl-ph suiface 

25 Gesium carbphlitiB (2,00 mmpl, 652 mg) is added to a solution of the 

dendritic polyhier GG2 (4^2.10'^ mfh<)l, 20p mg) in splutipn in anhydrous THF 
(5 ml), and then phfrtpl 1$ add(|d (1,00 mmpl, 372 hig). the mixture is stirred for 
24 hours at ambient temperature artd then thje final mixture is filtereid Wjth THF 
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in order to separate off the salts. Finally, the final product is washed with ether 
and then purified by precipitation from pentane. The final product is isolated in a 
final yield of 81%. 



\ 



N-N-UO-^^ 



9.S ^OMe 
— P 

OMe 
A' ^OMe 




^^P-CH} NMR (Cpeia) : 6 = 68.1 (s, Pi); 66.2 (s. Pi); 29.2 (s, P(0)(.0Me)2); 11.7 
(s, Pp)ppm. 

NMR (CDCI3) : 3.25 (d, ^Jhp = 10.2 Hz, 54H, CH3-N-P1, CH3-N-P2); 3.65 (d, 
3Jhp = 10.3 Hz, 288H, -P(0)(0-CHg)?): 3.88 (d, ^Jhp = 4.7 Hz, 96H, - CHp- 
P(0)(OCH3)2); 6.7-7.8 (m, 186H, CHarom. CH=N) ppm. 

^3C-{^H} NMR (CDCI3) : 6 = 32.9 (d broad, ^Jcp = 117 Hz, CH3-N-P1, CH3-N-P2); 
46.3 (d, VcP = 158.5 Hz. -CH7-P(Q)(OGH3)2): 52.6 (s broad, -P(0)(0-GH^)2); 
114.3 (s broad, Go^. Gi^, C?^); .1 21 .8 (s, €2- ); 1 28. 1 (s, Ci^); 131 .3 (s, Go^); 131 .7 
(s, Co'*); 132.1 (s, C/); 138.4 (s broad, CH=N); 142.6 (d, Wp = 6.8 Hz, Cz'*); 
145.0 (s, C2^); 151.0 (s broad, Co\ Gi^) ppm. 



Example 12a : Synthesis of the dendritic polymer of geh<eration zero 
having ah aza-biis^dimethyl--phosphonate surface: 




OMe 
0=P-OMe' 



0=P-OMej 
OMe 



Cesium carbonate (31.2 mrnol, 10.16 g) is added to a solution of 
hexachlprpcyclotriphosphizene (2.4 mrnpl, 8^4 rng) in solution in anhydrous 
THF (5 ml), and thWh phenol aza^biMihiethy'-phoisp.hpnate is addgd 
(15.6 mrnol, 5.96 g). Tfie mixture is j^ft Uhd0r argon, with itiipi^tiQ stirring, for 
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3 days at ambient temperature. The isolated product can contain [0-5%] excess 
plienol aza-bis-dimethyl-phosphonate. The final product is isolated In a yield of 
85%. 

5 3^P-{^H} NMR (CDCb) : 5 = 30.2 (s, P(p)(OMe)2); 12.9 (s, Po) ppm. 

NIVIR (GDCb) : 5 = 2.72 (t distorted, Vhh ='8:4 Hz, 2H, -CHg-CHz-N); 3.00 (t 

distorted, ^Jhh = 8,2 Hz, 2H, -CHz-Chia-N-); 3.18 (d, 2Jhp= 8.9 Hz, 4H. N-Chb-P); 

3.70 (d, ^Jhp= 7.8 Hz, 12H, -OMe); 6.7-7.2 (m, 4H, CHarom) Ppm. 

^^C-{'H} NMR (CPGI3) : 6 - 32.90 (s, CH2-CH2-N); 49.4 (dd, 'Jcp = 157.3 Hz, 
10 Vcp - 6.6 Hz .£M2-P(P)(OGH3)2>; 52.6 (d, Vcp - 3.0 Hz, -P(Q)(0-GH2)2); 58,3 

(t, ^Jcp = 7.8 Hz. GH9-GH|-N): 120.7 (s. Gq^); 129.7 (s, Go^); 135.9 (s, Gp"*); 

149.0 (d, 2Jcp= 3.9 Hz, Go^) ppm. 

15 Example 13 : Synthesis of the dendritic polymer of generation zero having 
an aza'-bisrdiniethy|<^phQsphonate surface: 



OH 
0=P-OH 



0.=P-OH 



OH 

Bromotrimethyisliane (165 mmol, 22 ml) is added slowly to a solution of 
dendritic polymer of generation zero having aza-bis-dimethyl-phosphonate ends 

20 (4.9 mmol, 1 1 .84 g) at 0°G in acetonitrile (5 ml). When the addition is cphnplf te, 
the mixture is allowed to return to ambient temperature over a period of 
24 hours. The mixture is then evaporated to dryness, and then 5 ml of water are 
added slowly at ambient temperature and the mixture is stin-ed for one hour. 
After filtration, the residue is washed several times with pure ether. The final 

25 product is isolated in a final yield of 50%; 

^^P-{^H} NMR (PiP) : Q = 12.9 (s, Po); 1 1 .4 (s. P(0)(QH)2) ppm. 
^^G-{^H} NMR (DiP) : 6 = 31.40 (s. GHyCH^^N): ^3.9 (d, Vcp?= 140.07 Hz, -CHg- 
P(0)(pH)2); 59.7 (s, CHz-eHg-N); 123.9 (s. Go^); I^S.a (s. Go-): 135^7 (s, Gb'*): 
151.4 (s broad, Go^) ppni. 
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Example 14 Synthesis of dendritic polymers having a 

cyclotriphosphazene core derived from amino-methyl bis-phosphonate 

a) Synthesis of the (mine derived from methylamine 



HO 



Methylamine (25 mmol, 3 ml) in 33% solution in absolute ethanol 
(8 mol.r^) and 4-hydroxyben2aldehyde (20 mmol, 2.5 g) are mixed, without 
solvent, at ambient temperature. The mixture is stirred magnetlGaily for 24 hours 
at ambient temperature. Tine ethanol is evaporated off under reduced pressure 
10 to yield an oil, which is dissolved in a minimal amount of ether and then 
precipitated from pentane. The imine was not isolated because it is used 
directly in the following step. 

b) Synthesis of amino-methyl mono-ghosphonate 



HO 




The phenol carrying the imine function from step (a) (17.0 rnmol, 2.3 g) is 
mixed, without solvent, at ambient temperature, with several drops of 
triethylamine and with dimethyl phosphite (18.7 mmol, 1.7 ml). The mixture is 
left at ambient temperature for 12 hours and is then evaporated to dryness. The 
20 resulting powder is dissolved in acetone and then passed through a silica 
"patch". Finally, the eluant is evaporated off to give the final product in a yield of 
68%. 

■^^P^^H} NMR (eDCIa) : 6 = 29.6 (s, P(0)(0Me)2) ppm, 
25 NMFi (CDCI3) : 5 = 2.29 (s, 3H, N-CH^); 3.54 (d,^JHP = Hz, 3H, -OMe); 3.72 

(d, 3H, ^Jhp = Hz, 3H, -OMe); 3.84 (d, ^Jhp = 23.9 Hz, 1 H, H); 6.73 (d, ^Jhh = Hz, 
CHarom. 2H); 7.14 (dd, CHarom, 2H) ppm. 

^^C-{^H} NMR (CDCI3) : 5 = 43.3 (t, ^Jcp = 6.8 Hz, N-Me); 53.6 (d, ^Jcp = 7.7 Hz, 
OMe); 54.1 (d, ^Jqp = 6.4 Hz, OMe); 63.2 (dd. Vcp = 159.6 Hz, ^Jcp = 14.5 Hz, 
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CH): 115.6 (s. C2): 121.1 (d. 2jcp = 3.8 Hz. C4): 132.0 (d. Vcp = 8.9 Hz, C3); 
157.1 (s, Ci) ppm. 

c) Synthesis of amino-methyl bis-phosphonate 

N-Me 

>( 

5 P03Me2 

The secondary amine from step (b) (6.1 mmol, 1.5 g) is dissolved at 
ambient temperature in 37% aqueous formaldehyde solution (12.2 mmol, 1 ml) 
and dimethyl phosphite (24.4 mmol, 2.24 ml) without solvent. The mixture is 
stirred magnetically at ambient temperature for 12 hours. The final mixture is 
10 then washed several times with an ether/pentane mixture 1/1. Finally, the 
product is purified by chromatography on silica gel using ethyl acetate as 
solvent (Rf=0.35). The final product is isolated in a yield of 65%. 

^V-{!H} NMR (CDCI3) ; 5 = 28.1 (s, P(0)(0Me)2); 30.9 (s, P(0)(0Me)2) ppm. [ ; 
15 ^H NMR (CDCI3) : 5 = 2.41 (s. 3H, N-CH^; 2:61 (dd, ^Jhp - 6.3 Hz, ^Jhh = 

15.3 Hz, 1H, Hb); 3.12 (dd, ^Jhp = 15.6 Hz, ^Jm = 15.6 Hz, 1H, Hb); 3.30-3.80 

(m, 12H, -OMe); 4.05 (d, ^Jhp = 23.9 Hz, 1H, Ha); 6.74 (d, ^Jhh = 7.84 Hz, 

CHarom. 2H); 7.17 (d, ^Jhh = 7.85 Hz, CHarom, 2H): 9.08 (s broad, 1H, -OH) ppm. 

^^C-CH) NMR (CDCI3) : 6 = 42.3 (t. ^Jcp = 6.3 Hz, N-Me); 49.2 (dd; Ucp = 
20 164.1 Hz, ^JcP = 10.1 Hz, CH2); 53.0 (m, OMe); 65.2 (dd. ^Jcp = 161.7 Hz, 

^Jcp= 13.5 Hz, CH); 115.4 (s, C2); 120.9 (d, ^Jcp - 3.5 Hz, C4); 131.8 (d, ^Jcp = 

9.1 Hz, C3); 157.8 (s, Ci) ppm. 
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d) Synthesis of the first generation dendritic polymer derived from amino-methyi 
bis-phosphonate 




Cesium carbonate (1.2 mmpi, 390 mg) is added to a sojutipn of the 
dendritic polyfTjer Gci (0.047 ririrfio!, 87 mg) in afihydrous THF (2 ml), atid thBn 
phenol aza-bis-dimethyl-phpsphonate derived from methylamine from step (c) is 
added (0.6 mmol, 220 mg). The mixture is stirred for 24 hours at ambient 
10 temperature and is then filtered over Celite, and the final mixture is centrifuged 
in order to separate off the salts. Finally, the final product is purified by 
precipitation from pentane and isolated in a yield of 75%. 

^^-{^H} NMR (CDCI3) : 5 = 65.4 (s. Pi); 30.4 (s, P(0)(0Me)2); 27.5 (s, 
15 P(0)(0Me)2); 11.4(s. Po)ppm. 

NMR (CDCI3) : 5 = 2.46 (s, 36H. N-CHg): 2.65 (dd, ^Jhp = 7.4 Hz, ^Jhh = 

15.3 Hz, 12H, CH2); 3.12 (dd. ^Jhp = 15.5 Hz, ^Jhh = 15.5 Hz, 12H, .CH2); 3.25 
(d, ^Jhp =10.1 Hz, 18H. CH3-N-P1); 3.30-3,90 (rrt; 144H, -OMe); 4.2 (d, ^Jhp = 

23.4 Hz, 12H, CH); 6.7-7.6 (m, 78H, CH^rom, CH=?N) ppm. 

20 ^^C-{^H} NMR (CDCI3) : S = 32.8 (d, ^Jcp = 12.3 Hz, CH3-N-P1); 42.2 (t, %p = 
6.8 Hz, N-Me); 49.3 (dd, Vcp = 164,0 Hz, ^Jcp ?= 9.9 Hz, CH?); 52.3-53.7 (m, 
OMe); 64.9 (dd, Vcp = 138.1 Hz, ^Jcp = 11.9 Hz, CH); 121.1 (s broad, Co^ Ci^); 
128.2 (s, Co^); 128.4 (d, ^Jcp = 3.1 Hz, C/); 131.8 (s, Co'^); 131.8 (d, 'Jcp = 
8,2 Hz, Ct^); 139.0 (d, Vcp = 14.5 Hz, CH.=N); 150.6 (d, Vcp = 6.9 Hz, Ci^); 

25 151.2 (s,Co^) ppm. 



40 

e) Synthesis of the second generation' dendritic polymer derived from amino- 
methyl bis-phosphonate 




5 Gesium carbonate (1.3 mmpi, 407 mg) is added to a splution of the 

dendritiG polymer Gc2 (0.024 mmol, 119 mg) in anhydrous THF (2 ml), and then 
phenol aza-bis-dimethyl-phosphonate derived from methylamine from step (c) is 
added (0.67 mmol, 230 mg). The mixture is stirred for 24 hours at ambient 
temperature and is then filtered over Celite, and the final mixture is centrlfuged 
10 in order to separate off the salts. Finally, the final product is purified by 
precipitation from pentane and isolated in a yield of 80%. 

3ip^iH} NMR (CDCI3) : 5 = 66.1 (s. Pi); 65.4 (s, P2); 30.4 (s. P(0)(OMe)2);27.5 
(s, P(0)(0Me)2); 1 1.6 (s, Po) ppm. 

15 NMR (CDCI3) : 5 = 2.48 (s, 72H. N-CH3); 2.67 (dd, ^Jhp = 7.1 Hz, ^Jhh = 

15.3 Hz, 24H, CH2); 3.14 (dd, ^Jhp = 15.4 Hz, ^Jhh = 15.4 Hz, 24H, CH2); 3.31 
(d. ^Jhp= 10.9 Hz. 54H, CHa-NrPi. CH3-N-P2); 3.30-3.90 (m, 288H, -OMe); 4,2 
(d, ^Jhp = 23.2 Hz. 24H. CH); 7.0-7.7 (m. 186H, CHarom, CH=N) ppm. 
^^C-{^H} NMR (CDCI3) : 6 = 32.9 (d, ^Jcp= 12.4 Hz. CH3-N-P1, GH3-N-P2); 42.3 

20 (t, Vcp = 7.0 Hz, N^Me); 49.5 (dd. Vcp = 163.7 Hz, ^Jcp - 9.8 Hz, CH2): 
52.4-53.6 (m, OMe); 64.9 (dd, Ocp = 160.2 Hz, ^Jcp =12.1 Hz, CH); 121.17 (s, 
C2^); 121.24 (s, Ci^); 121.8 (s, Co^); 128.3 (s broad. C2*); 128.5 (s broad. Go ^ 
Ci^); 131.8 (d broad. Vcp = 8.2 Hz, C/, C2^); 132.3 (s broad, Co"*); 138.9 (d, 
3jcp= 13.8 Hz, GH=N); 150.7 (d broad, Vgp= 7.2 Hz, G2^); 151.2 (s broad, Co\ 

25 G/)ppm. 
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9 Synthesis of the fourth generation dendritic polymer derived from amino- 
methyl bisphosphonate 




5 Cesium c^irbonate (0.71 mrhol, 230 mg) is added to a solutiph of the 

dendritic polymer Gc4 (3.5.10"^ mmol, 79.2 mg) in anhydrous THF (2 ml), and 
then phenol aza-bis-dimethyl-phosphonate derived from methylamine from 
step (c) is added (0.35 mmol, 130 mg). The mixture is stirred for 48 hours at 
ambient temperature and is then filtered over Gelite, and the final mixture is 
10 centrifuged in order to separate off the salts. Finally, the final product is purified 
by precipitation from pentane and isolated in a yield of 8.4%. 

='^P-{^H} NMR (CDCb) : 5 = 66.1 (s broad, Pi, Pa, P3); 65.4 (s, P4); 30.1 (s, 
P(0)(OMe)2): 27.6 (s, P(0)(0Me)2); 1 1.6 (s, Pq) ppm. 

15 NMR (CDCI3) : 5 = 2.48 (s, 288H. N-CHg): 2.65 (dd, ^Jhp = 7.2 Hz, ^Jhh = 
15.3 Hz, 96H, CH2); 3.13 (dd, ^Jhp= 15.2 Hz, ^Jhh= 15.2 Hz, 96H, CH2); 3.27 (s 
broad, 270H, CH3-N-P1, CH3-N-P2, CH3-N-P3, CH3-N-P4); 3.30-3.90 (m, 1152H, 
-OMe); 4.2 (d, 2Jhp= 23.3 Hz, 96H, CH); 7.0-7,7 (m. 834H, CHarom, GH?;N) ppm. 
^^C-{^H} NMR (CDCI3) : 5 = 32.9 (d, 2Jcp= 12,4 Hz, CH3-N-P1, CH3-N-P2. CH3- 

20 N-P3, CH3-N-P4); 42.3 (t, ^JcP = 7.0 Hz, N -Me) : 49.5 (dd. Vcp = 163.8 Hz, 
2jcp = 9.9 Hz, CH2); 52.4-53.9 (m, OMe); 65.1 (dd, Vcp = 161.2 Hz, ^Jcp = 
12.3 Hz, GH); 121.45 (s. Gs^); 122.1 (s broad, Ga^ Gi^ Go^); 128:5 (s broad, Go^ 
Gi^ Ga^); 128.7 (s broad, Gs^); 132.1 (d broad, ^Jcp= 8.2 Hz, Gs"^, Ga"^); 132.4 (s 
broad, Go'*, G/); 139.2 (d, =^Jcp- 13.4 Hz, GH=N); 151.0 (d broad, ^Jcp= 7.2 Hz, 

25 G3^); 151.6 (s broad, G2\ Ci^): 151.7 (s broad. Go^) ppm. 
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g) Synthesis of the first generation dendritic polymer derived from amino-methyl 
bis-phosphonic acid 



P3N3/0-4 Me / POgHNaX 

S — ,N-Me 




Bromotrimethylsflane (2.1 mmol, 289 ^1) is added slowly to a solution of 
the first generation dendritic polymer having aza-bis-dimethyl-phosphonate 
ends derived from methylamine from step (d) (3.97.10-2 mmol, 230 mg) at 0°C 
in acetonitrile (5 ml). When the addition is complete, the mixture is. allowed to 
retum to ambient temperature over a period of 12 hours. The mixture is then 
evaporated to dryness, and then 1 ml of anhydrous methanol is added at 
ambient temperature and the mixture is stirred for one hour. After evaporation to 
dryness, the residue is washed several times with pure ether. Because the 
product is totally insoluble in organic solvents, it is converted;! into its 
monosodiufn salt in the presence of . sodium hydroxide (3.1 ml of a 
0.1955 mol.r^ sodium hydroxide solution for 130 mg of phosphonic acid 
dendritic polymer). The resulting solution is lyophilised to give the dendritic 
polymer in the form of a white powder. The final product is isolated in a yield of 
58%. 

''P-CH} NMR (CD3CN/D2O) : 6 = 66.09 (s. Pi and P2); 14.1 (s. Pq);: 11.2 (s. 
POaHNa) ppm. ' . ' ' 

NMR (CD3CN/D2O) : 5 = 2.5-3.8 (m. 90H. CH3-N-P, N-Me. CH2, CH); 6.5-8.0 
(m, 78H, CHarom, CH=N). . . 

^^C-{^H} NMR (CD3CN/D2O) : 6 =35,5 (s broad. CH3-N-P1); /wi (s broad. N- 
Me): 54.5 (d. Vcp = 132.5 Hz. CH2); 70.5 (d. Vcp = 129.4 Hz, CH); 124.4 (s 
broad. Co^ Ci2); 130.4 (s broad. Co^ d?); 136.3 (s broad. Co^ C/); 142.9 (s 
broad. CH=N); 153.9 (s broad, Co\ Ci^) ppm. 
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h) Synthesis of the second generation dendritic polymer derived from amino- 
methyl bis-phosphonic acid 




' N-N-jJ 

■ S 




Bromotrimethylsilane (1.6 mmol, 210 ^1) is added slowly to a solution of 
tfie second generation dendritic polymer having aza-bis-dimethyl-phosphonate 
ends derived from methylamine from step (e) (1.49.10-2 mmol, 190 mg) at 0°C 
in acetonitrile (5 ml). When the addition is complete, the mixture is allowed to 
return to ambient temperature over a period of 12 hours. The mixture is then 
evaporated to dryness, and then 1 ml of anhydrous methanol is added at 
ambient temperature and the mixture is stirred for one hour. After evaporation to 
dryness, the residue is washed several times with pure ether. Because the 
product is totally insoluble In organic solvents, It is converted into Its 
monosodium salt in the presence of sodium hydroxide (3.01 ml of a 
0.1955 mol.r^ sodium hydroxide solution for 140 mg of phosphonic acid 
dendritic polymer). The resulting solution is lyophilised to give the dendritic 
polymer in the form of a white powder. The final product is isolated in a yield of 
54%. 

^'P-CH) NMR (CD3CN/D2O) : 6 = 66.7 (s, Pi); 14.4 (s, Po) 10.8 (s, POaHNa) 
ppm. 

NMR (CD3CN/D2O) : 6 = 2.5-3.8 (m. 198H. CH3-N-P,. CH3-N-P2, N-Me. CH2, 
CH); 6.5-8.0 (m, 186H, CHamm. CH=N). 

"G-{^H} NMR (CD3CN/D2O) : 6 = 35.5 (s broad, CH3-N-P1, CH3-N-P2); 44.6 (s 
broad, N-Me); 55.6 (d, Vcp =102.7 Hz. CH2); 71.0 (d, Vcp = 128.2 Hz. CH); 
124.4 (s broad, Co^ C2'); 130.4 (s broad, Co^ C^, 62^); 136.3 (s broad, 
Co^ C/. Czy. 142.9 (s broad, CH=N); 153.9 (s, Co\ C,\ d') ppm. 
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Example 15 Synthesis of dendritic polymers having a 

cyclotriphosphazene core and a surface derived from amino-butyl bis- 
phosphonate 

5 . . . . . . . . . , 

a) Synthesis of the imine derive^ 

2 ^3 

^ — ^ — ^ \^ 
n-Butylamine (43 mmol, 4.3 ml) and 4-hyciroxybenzaldehyde (41 mmol, 
5 g) are mixed, without solvent and at ambient temperature, with 4A molecular 
10 sieve. The mixture is stirred magnetically for 24 hours and is then taken up in 
THF and filtered over Celite. The THF is evaporated off under reduced pressure 
to yield a thick, dark oil. The oil can be dissolved in a minimal amount of ether 
and is precipitated with pentane. There is thus obtained a slightly pink powder in 
a yield of 80%; " . 

15 ' ■ ■ ' 

NMR (CDCI3) : 6 = 0.90 (t. ^Jhh = 7.6 Hz, 3H, -CH3); 1.33 (m, 2H. CH^-CH?- 
CH3); 1.66 (m, 2H. CH2-CH2-CH3); 3.59 (t. ^Jhh = 7.4 Hz, 2H, N-CHg-): 6.7 (d, 
^Jhh = 8.4 Hz, CHarom, 2H); 7.5 (d, ^Jhh = 8.4 Hz, 2H, CHarom); 8.14 (s, 1H. 
CH=N); 8.81 (s broad, 1H, -OH) ppm. 
20 . "C-f H} NMR (CDCI3) : 6 = 13.9 (s, CH3); 20.3 (s, CH2-CH3); 32.7 (s, CH2-CH2- 
CH3); 60.1 (s, N-CH2-CH2- CH2-CH3); 116.3 (s. C2); 125.4 (s, C4); 130.6 (s, C3);. 
161.5 (s, Ci); 162.9 (s, CH?=N) ppm. 



io 
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6j Synthesis of amino-butyl mono-phosphonate 

q. /OMe 
•^i-OMe 

HO 




The phenol carrying the imine function from step (a) (16.9 mnriol, 3.g) is 
mixed, without solvent and at ambient temperature, with triethylamine 
(16.9 mmol, 2.35 ml) and dimethyl phosphite (16.9 mmol, 1.55 ml). The mixture 
is left at ambient temperature for 12 hours and is then evaporated to dryness. 
The resulting powder is dissolved in acetone and then passed through a silica 
"patch". Finally, the eluant is evporated off to give the final product in a yield of 
65%. 



^^P-CH) NMR (CDCI3) : 5 = 29.8 (s, Pi) ppm. 

;h NMR (CDCI3) : 5 = 0.80 (t. ^Jhh = 7.6 Hz, 3H, -CH3); 1.20-1.55 (m, 4H, CH2- 
CH2); 2.41 (m.. 2H, : N-CH2-); 3,6, (d, 'Jhp = 10.4 Hz, 3H, -Pi OMe); 3.8 (d, ^Jhp = 
10.8 Hz, 3H, -PzOMe); 4.0 (d, ^Jhp = 26.0 Hz, 1H, Ha);. 6.7 (d, ^Jhh = 8,4 Hz, 
15 CHarom, 2H); 7.2 (d, ^Jhh = 8.4 Hz, CHgrom. 2H) ppm. 

'^C-{'H} NMR (CDCI3) : 6 = 13.9 (s, CH3); 20.3 (s.-CHg-CHs); 31.8 (s, CH2-CH2- 
CH3); 47.4 (d, ^Jcp = 17.6 Hz, N-Chb-CH2- CH2-CH3); 53.6 (d, ^Jcp = 7.9* Hz. 
OMe); 53.9 (d. ^Jcp = 6.2 Hz, OMfe); 69.8 (d, Vcp =157.1 Hz, CH); 115.9 (s. 
C2); 125.4 (s, C4); 129.5 (s. C3): 157.0 (s. Ci) ppm. 



c) Synthesis of amino-butyl bis-phosphonate 



HO 




The secondary amine from step (b) (5.8 mmol, 1.67 g) is dissolved at 
ambient temperature in 37% aqueous formaldehyde solution (8.7 mmol, 657 ^1) 
25 and dirnethyl phosphite (5.8 mmol, 530 The mixture is stirred magnetically 



46 

at ambient temperature for 12 hours. Finally, the excess fomnaldehyde is 
removed under reduced pressure and the product iis purified by chromatography 
on silica gel using ethyl acetate as solvent. The final product is isolated in a 
yield of 60%. 

5 . . , . . . . .■ . ■ ;, 

f^P-{\H} NMR (CPCb) • 6 = 28.3 (s. Pi); 30.9 (s, P?) ppm. 

NMR (CDCb) : 6 = 0.86 (t, ^Jhh = 7.6 Hz, 3H, CH3); 1.25-1.55 (m, 4H, CH2- 
CH2); 2.31 (m, 1H. N-CH2-); 2.64 (dd, ^Jhp = 3.2 Hz, ^Jhh = 15.6 Hz, 1H, CHg- 
P2); 3.11 (m, 1H, N-CH2- CH9): 3.35 (ddd, ^Jhp= 17.2 Hz, ^Jhh= 17.0 Hz, Vhp = 
10 1.6 Hz, 1H, CH2-P2); 3.5 (d, Vhp= 10.4 Hz, 3H, -PiOMe); 3.7 (d, Vhp= 10.8 Hz, 
3H, -PaOMe); 3.8 (d, =^Jhp = 10.8 Hz. 3H. -PaOMe); 3.9 (d. ^Jhp =10.8 Hz, 3H, 
-PiOMe): 4.4 (d. 2Jhp = 26.0 Hz. 1H. Ha); 6.84 (d. ^Jhh = 8.4 Hz. CHarom. 2H); 
7.26 (d, ^Jhh= 8.4 Hz, CHarom, 2H); 9.1 (s broad, 1H, -OH) ppm. 
^^C-CH} NMR (CDCI3) : 5 = 14.4 (s, CHa); 20.4 (s. CH2-CH3); 30.6 (s. CH7-CH2- 
15 CH3); 46.0 (dd, Vcp = 166.8 Hz. ^Jcp = 8.8 Hz, CH2-P2); 53.0 (d, ^Jcp = 6.8 Hz, 
PzOMe); 53.4 (d, ^Jcp = 7.0 Hz, PiOMe); 53.7 (d, ^Jcp = 7.0 Hz, P20Me); 54.1 
, (d,^Jcp = 7.i Hz, PiOMe); 53.1 (t, Vcp = 7.8 Hz, N^GH^-CHp- CH2-CH3); 61.3 
(dd, ^Jcp = 162.9 Hz, ^Jcp = 10.0 Hz, CH); 115.9 (s, C2); 121.5 (d, ^Jqp = 
. 6.0 Hz, C4); 132.5 (d.^Jcp =9.1 Hz, C3); 158.1 (s, Ci) ppm. 
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d) Synthesis of the first generation dendritic polymer derived from amino-butyl 
bis-ptiosphonate 



^ lyie / /==\ •■ 




Gesium carbonate (1.4 mmol, 453 mg) is added to a solution of the dendritic 
25 polymer Gci (0.058 mmol, 106 mg) in anhydrous THF (3 ml), and then phenol 
aza-bis-dimethyl-phosphonate derived from butylamine from step (c) is ^dded 
(0.73 mmol, 300 mg). The mixture is stirred for 24 hours at ambient temperature 
and is then filtered over Celite, and the final mixture is centrifuged in order to 
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separate off the salts. Finally, the final product is purified by precipitation from 
pentane and isolated in a yield of 65%. 

^^-{^H} NMR (CDCI3): 5= 65.4 (s, Pi); 30.8 (s, P(0)(0Me)2); 28.3 (s, 
5 P(0)(0Me)2); 11.4 (8. Po)ppm. 

. NMR (CDCI3) : 5 = 0;82 (t. ^Jhh = 7:6 Hz, 36H, CH3); 1.20-1.50 (m, 48H. 
CH2-CH2); 2.27 (m, 12H. N-CH2-); 2.57 (dd, ^Jhp = 3.4 Hz, ^Jn» = 15.2 Hz, 12H, 
CH2-P2): 3.11 (m, 12H, N-CH2-CH2); 3.26 (d. 'Jhp= 10.6 Hz. 18H. CH3-N-P); 3.4 
(d. ^Jhp= 10.6 Hz. 36H, -PiOMe); 3.6 (d, ^Jhp= 10.7 Hz, 36H. -PzOMe); 3.7 (d. 

10 ^Jhp = 10.8 Hz. 36H, -PzOMe); 3.8 (d, ^Jhp = 10.6 Hz. 36H. -PiOMe); 4.4 (d. 
2Jhp= 25.0 Hz, 12H, Ha); 6.9-7.8 (m, 78H, CHarom. CH=N) ppm. 
^^C-{'H} NMR (CDCI3) : 5 = 14.0 (s. Ctb); 19.9 (s, CH2-CH3); 30.2 (s. CH2-CH2- 
CH3); 32.8 (d. 2jcp =11.5 Hz. CH3-N-P1); 46.0 (dd, Vcp = 166.7 Hz. ^Jcp = 
8.6 Hz. CH2-P2); 52-54 (m. POaMez); 60.3 (dd. ^Jcp = 163.9 Hz, ^Jcp = 10.4 Hz, 

15 CH); 121.2 (s broad, Co^ Ci^); 128.2 (s, Co^); 128.8 (d, Vcp = 4.5 Hz, Ci'); 
131.9 (8, C/); 132.1 (8, Co'*); 139.1 (d. ^Jcp= 13.9 Hz, PH=N); 150.6 (d. ^Jcp = 
6.9 Hz, Ci^); 151..3 (8, Co^) ppm. ./ . • 

e) Synthesis of the second generation dendritic polymer derived from amino- 
20 butyl bis-phosphonate 




Cesium carboriate (0,54 mmdl, 176 mg) is added to a solution of the dendritic 
polymer Gca (0.0106 mmol, 51 mg) in anhydrous THF (2 ml), and then phenol 
aza-bis-dimethyl-phosphbnate derived from butylamine from step (c) is added 
25 (0.27 mmol, 1 10 mg). The mixture is stirred for 36 hours at ambient temperature 
and is then filtered over Celite, and the final mixture is centrifuged in order to 
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separate off the salts. Finally, the final product is purified by precipitation from 
pentane and isolated in a yield of 75%. 

^^P-CH} NMR (CDCI3) : 6 = 66.1 (s, Pi); 65.3 (s, P2); 30.8 (s, P(0)(0Me)2); 28.3 
5 (s, P(0)(0Me)2); 1 1 .4 (s, Po) ppni: 
. ^H NMR (CDCb) : 6 == 0.88 (t, Vhh = 7.6 Hz, 72H, CH3); 1.20^1.45 (m, 96H, 
CH2-CH2); 2.33 (m, 24H, N-CHg-); 2.63 (dd, ^Jhp = 3.4 Hz. ^Jhh = 15.2 Hz, 24H, 
CH2-P2); 3.16 (m, 24H, N-CH2-CH2); 3.33 (m. 54H, CH3-N-P); 3.44 (d, ^Jhp = 
12.0 Hz, 72H, -PiOMe); 3.7 (d. ^Jhp = 10.7 Hz, 72H. -PjOMe); 3.8 (d, ^Jhp = 

10 10.6 Hz, 72H, -PzOMe); 3.9 (d. ^Jhp = 10.7 Hz. 72H, -PiOMe); 4.5 (d, ^Jhp = 
25.5 Hz, 24H. Ha); 6.9-7.8 (m, 186H, CHarom. CH=N) ppm. 
^^C-{^H} NMR (CDCI3) : 5 = 14.4 (s, CH3); 20.3 (s, CH2-CH3); 30.6 (s, CH2-CH2- 
CH3); 33.3 (d.^Jcp= 11.7 Hz. CH3-N-P2. CH3-N-P1); 46.5 (dd, 'Jcp = 166.7 Hz, 
Vcp = 8.6 Hz. CH2-P2): 52.5-54.1 (m. POaMea); "53.1 (t, ^Jcp = 7.8 Hz, N-CHg- 

15 CH2-CH2-CH3) PB "; 61.3 (dd, Vcp = 164.9 Hz, ^Jqp = 10.9 Hz, CH); 121.6 (s 
broad, 0,^ Cz^); 122.2 (s, Co^); 128.7 (s broad, Qi^Y, 129.3 (s broad, Co^ Ci^); 
132.5 (d broad, ^Jqp = 7.5 Hz. Cz^ G/. Co''); 139. 1(s broad, CH-N); 151.0 (d, 
2Jcp= 6.9 Hz, C2^); 151.8 (s broad, Ci\ Co^) ppm. 

20 f) Synthesis of the first generation dendritic polymer derived from amino-butyl 
bis-phosphonic acid 



I e I > ^ k 




Bromotrimethylsilane (0.92 mmol, 123 14I) is added slovyly to a solution of 
first generation dendritic polymer liaving aza-bis-dimethyl-phos|ihonate ends 
25 derived from butylamine from step (d) (1.75.10"^ mmol, 110 mg) at O^'C in 
acetonitrile (4 ml). When tlie addition is complete, the mixture is allowed to 
return to ambient temperature over a period of 12 liours. The mixture is then 
evaporated to dryness, and then 1 ml of anhydrous methanol is added at 
ambient temperature and the mixture is stirred for one hour. After evaporation to 
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dryness, the residue is washed several times with pure ether. Because the 
product is totally insoluble in organic solvents, it is converted into its 
monosodium salt in the presence of sodium hydroxide (0.98 ml of a 
0.1955 mol.r^ sodium hydroxide solution for 45 mg of phosphonic acid dendritic 
5 polymer). The resulting solution is lyophilised to give the dendritic polymer in the 
.form of a white powder. The final product is isolated in a yield of 55%. 

^V-{^H} NMR (CD3CN/D2O): 6= 69.3 (s. Pi); 15.3 (s, Po); 13.5 (s. 
P(0)(OHNa)2) ppm. 

10 NMR (CD3CN/D2O) : 6 = 0.9 (s broad, 36H, CH3); 1.20-1:50 (m. 48H, CH2- 
CH2); 2.5-3.8 (m. 78H, CH3-N-P, N-CH2, CH2, CH); 6.5-8.0 (m, 78H, CHarom. 
CH=N). 

^^C^^H} NMR (CD3CN/D2O): 6= 13.4 (s, CH^; 19.6 (s, CH^-CHa); 26.2 (s. 
CHi-CHz-CHs); 33.4 (s broad, CH3-N-P2, CH3-N-P1); 50.5 (d, Vcp = 123.0 Hz, 
15 CH2-P2); 54.1 (s broad. N-CH9-CH2- CH2-CH3); 66.3 (dd, ^Jcp = 126.9 Hz, CH); 
121.0 (s, Co^); 121.9 (s, Ci^); 128.6 (s, Co^); 129.0 (s, Ci^); 132.8 (s, Co''); 134.1 
(s, C/); 141.5 (s broad. CH=N); 150.8 (s, Co^); 151.5 (d,^Jcp = 6.9 Hz, Ci^) 
ppm, 

20 Example 16 : Dimethyl N-allyl-N-(4-hydroxy)-benzyl-a-amino-phosphonate 

750 III (10 mrnol) of allylamine are added slowly to a suspension of 4-hydroxy- 
benzaldehyde (1.1 g, 10 mrnol) in the presence of MgS04 in 10 ml of CH2CI2. 
After 30 minutes' stirring, dimethyl phosphite is added (900 jnl, 10 mmol). the 
suspension is stirred for 18 hours and is then filtered and diluted with 10 ml of 
25 CH2CI2. The organic phase is washed with water, dried over MgS04 and then 
evaporated under reduced pressure. After washing with distilled ether (2 x 
10 ml) and chromatography on silica (ethyl acetate), the pure product is 
obtained in the form of a viscous oil in a yield of 55%. 
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MeO>." 
MeO' 



r 




NH 



OH 



3^P-{^H} NMR (CDCI3) : 5 = 29.8 (s) 

NMR (CDCI3) : 8 = 2.99 (m. iH); 3.20 (m, 1H); 3.54 (d, ^'Jhp = 10.3 Hz, 3H); 
3.74 (d. ^Jhp = 10.5 Hz. 3H); 4.02 (d, ^Jhp = 19.8 Hz, IH); 5.09 (m, 2H); 5.79 (m, 
5 1H); 6.74 (d, ^Jhh = 7.6 Hz. 2H); 7.15 (d, ^Jhh = 8.3 Hz, 2H). 

Example 17 : Dimethyl N-allyl-N-(4-hydroxy)-benzyl-a-amlno-bis- 
phosphonate 

Aqueous formaldehyde (37 % in water, 1.06 ml, 14.3 mmol) and then dimethyl 
10 phosphite (490 ^il, 5.35 mmol) are added to a solution of dimethyl N-allyl-N-(4- 
hydroxy)-benzyl-a-amino-phosphonate from Example 16 (970 mg, 3.58 mmol) 
in THF (7 rnl)- The solution is stirred vigorously for 48 hours at ambient 
temperature. 2i5 ml of GH2CI2 are added and the solution is washed with 15 ml 
of water, and then the organic phase is dried over MgS04 and concentrated 
15 under reduced pressure. The residual oil is purified by washing twice wjth 10 ml 
of distilled ether followed by chromatography on silica (ethyl acetate/methanol 
9/1). Yieici 55%. 



v'^P-i^H} NMR (CDCI?^^^ 
20 ^H NMR (CDCI3) : 5 = 2.57 (m. IH); 2.82 (m, IH); 3.46 (d. ^Jhp = 10.5 Hz. 3H); 
3.47 (m, 1H); 3.70 (d, ^Jhp = 10.6 Hz, 3H);.3.79 (d. =*Jhp = 10.7 Hz, 3H); 3.87 (d, 
^ ^0.6 Hz. 3H); 3.88 (m, IH); 4.47 (d, ^Jhp = 25.8 Hz, IH); 5.19 (m. 2H); 
5.83 (m. IH); 6.82 (d, ^Jhh = 8.4 Hz, 2H); 7.25 (d, ^Jhh = 8.3 Hz, 2H); 9.02 (si, 
IH). 




OH 



10 
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Example 18 : First generation aza-bis-phosphonate dendritic polymer 
derived from allylamine 

The phenol aza-bis-phosphonate from Example 17 (400 mg, 1.02 mmol) and 
cesium carbohate (348 mg, 1.07 mmol) are added to a solution of Gci (143 mg, 
78.2 jxrhol) in THF (5 ml). The suspension is stirred for 48 hours at ambient 
temperature and is then filtered twice. The solvent is evaporated off under 
reduced pressure, and the residue is dissolved in a minimal amount of THF 
(approximately 1 ml), a large volume of pentane is added, and the solid is 
isolated. Purification is repeated twice, and then washing is carried out an 
additional two times using 5 ml of distilled ether; drying under reduced pressure 
yields the dendritic polymer in pure form in the form of a white powder. Yield 
80%. 



N3P3 




15 ^^P-{^H} NMR (CDCI3) : 5 = 11.3 (s); 28.9 (s); 31.3 (s); 65.4 (s). 



Example 19 : First generation aza-bis-pliosphonic dendritic polymer 
derived from allylamine 

The dendritic polymer having aza-bis-phoisphonate temrilnations derived 
20 from allylamine from Example 18 (200 mg, 32 |imol) is dissolved in 5 ml of 
distilled acetonitrile, and then bromotrimethylsilane (270 )al, 2.04 mmol) is added 
slowly at 0°C. The solution is then stirred for 18 hours at ambient temperature. 
The solvent is evaporated off under reduced pressure, and the residue is 
treated with approximately 10 ml of methanol. After 1 hour's vigorous stirring in 
25 methanol, the solid is dried under reduced pressure. The phosphonic acid is 
washed with 2 .x 15 ml of distilled ether. The solvent is removed and the 
dendritic polymer having pure phosphonic acid ends is treated slowly with an 
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aqueous 0.1955 M sodium hydroxide solution (4.0 ml). The homogeneous 
solution is lyophilised, and the dendritic polymer having a N-(allyl) bis- 
methylphosphonic acid termination (monosodium salt) is isolated in a 
quantitative yield in the form of a white powder. 



3^31 




N-N 



S 

II 



/ /=\ P-c 



\ 





0*P\-ONa 



^^P-{^H} NMR (CD3CN/D2O): 5 = 8.7 (s); 10.9 (si); 65.1 (si). 



Example 20 : Dimethyl N-benzyl-N-(4-hydroxy)-benzyl-a-amino-bis- 
10 phosphonate 

Benzylamine (4.4 ml, 40 mmol) and MgSp4 (10 g) are added to a solution of 4- 
hydroxy-benzaidehyde (4.4 g, 36 mmdl) in THF (30 ml); After 1 hour's stirring, 
dimethyl phosphite (4.4 g, 36 mmol) is added and the solution is stirred for 
4 days at ambient temperature. The suspension Is filtered, diluted with CH2CI2 
15 (100 ml) and then washed with 25 ml of water. The organic phase is dried over 
MgS04, and the solvent is evaporated off under reduced pressure. The residual 
solid is washed with 3 x 30 ml of distilled ether and then dried under reduced 
pressure. Yield 83%, white solid. 

CgHs 




20 ^^P-{^H} NMR (CDCI3) : 5 = 29.8 (s). 

NMR (CDCI3) : 5 = 3.48 (m, IH); 3.54 (d, ^Jhp = 10.4 Hz, 3H); 3.75 (m, 1H); 
3.76 (d. 3Jhp = 10.5 Hz. 3H); 3.98 (d, ^Jhp = 19.9 Hz. IH); 6.81 (d, ^Jhh = 7.8 Hz, 
2H); 7.25 (m, 7H). 



9 r 
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Example 21 : Dimethyl N-benzyl-N-(4-hydroxy)-benzyl-a-amino- 
phosphonate 

Aiqueous formaldehyde (37 % in water, 570 mg, 7.01 mmol) and dimethyl 
5 phosphite (565 mg, 5.20 mmol) are added to a solution of dimethyl N-benzyl-N- 
(4-hydroxy)-beinzyl-a-amino-phosphonate (1.5 g, 4.67 mmol) in lb ml of THF: 
The solution is stirred for 18 hours at ambient temperature, and then 300 p.1 of 
aqueous formaldehyde are added. After 12 hours, the solution is diluted with 
50 ml of CH2CI2 and washed with 20 ml of water. The organic phase is dried 
10 over MgS04 and concentrated under reduced pressure. The residual oil is 
washed 3 times with distilled ether (20 ml) and is then dissolved in a minimal 
amount of THF. A large volume of pentane is added, and the oil, which has 
become insoluble, is separated from the mixture. After washing with 10 ml of 
distilled ether and drying under reduced pressure, a yellow foam is obtained in a 
15 yield of 80%. 



^V-{^H} NMR (CDCI3) : 5 = 29.1 (s); 31.5 (s). 

NMR (CDCI3) : 5 = 2.70 (dd, ^Jhh = 15.6 , ^Jhh = 3.3 Hz, 1H); 3.28 (d, ^Jhp = 
20 13.4 Hz. 1H); 3.44 (d, . ^Jhp = 10.5 Hz, 3H); 3.54 (m. 1H); 3.65 (d. ^Jhp = 
10.7 Hz. 3H); 3.71 (m. 1H); 3.72 (d. ^Jhp = 10,6 Hz, 3H); 3.85 (d, ^Jhp = 10.7 Hz. 
3H); 4.41 (m. 1H); 6.86 (d. ^Jhh = 8.3 Hz, 2H); 7.27 (m. 7H). 

Example 22 : First generation aza-bis-phosphonate dendritic polymer 
25 derived from benzylamine 

The phenol aza-bis-phosphonate derived from benzylamine from Example 21 
(500 mg, 1.13 mmol) and cesium carbonate (382 mg, 1.17 mmol) are added to 
a solution of Gci (160 mg, 87.5 ^imol) in 5 ml of THF. After 72 hours' stirring, the 




OH 
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solution is filtered and the solvent is removed under reduced pressure. The 
residue is purified by washing with ether (2x10 ml) and is then dissolved in a 
minimal amount of THF and precipitated by addition of a large volume of 
pentane. The resulting solid is isolated and then precipitated twice under the 
5 same conditions. After drying under reduced pressure, the deridritic polymer is 
obtained in the form of; a white powder in a yield of 85%. 




^^P-{^H} NMR (CDCI3) : 5 = 12.2 (s); 29.2 (s); 31.3 (s); 65.3 (s). 

10 

Example 23 : First generation aza-bis-phosphonic dendritic polymer 
derived from benzylamine 

The dendritic polymer having aza-bis-phosphonate terminations derived from 
benzylamine from Example 22 (150 mg, 22.3 nmol) is dissolved in 5 ml of 

15 distilled acetonitrile, and then bromotrimethylsilane (185 |liI, 1.39 mmol) is added 
slowly at O^'C. The solution is then stirred for 24 hours at ambient temperature. 
The solvent is evaporated off under reduced pressure, and the residue is 
treated with approximately 10 ml of methanol. After 1 hour's vigorous stirring in 
methanol, the solid is dried under reduced pressure. The phosphonic acid is 

20 washed with 2 x 15 ml of distilled ether. The solvent is removed and the 
dendritic polymer having pure phosphonic acid ends is treated slowly with an 
aqueous 0.1955 M sodium hydroxide solution (2.7 ml). The hohiogeneous 
solution is lyophilised, and the dendritic polymer having a N-(benzyl) bis- 
methylphosphonic acid termination (monosodium salt) is isolated in a 

25 quantitative yield in the form of a vyhite powder. 



55 



N3P3I 




S 
(I 

PH 



N-N 



\ 




.OH 
ONa 



N-Bn 



0*^-ONa 
OH / 




^V-{^H} NMR (CD3CN/D2O): 5 = 8.9 (s); 10.5 (si); 65.1 (si). 



Example 24 : Synthesis of aza-bis-phosphonate carboxylic acids 



j — POsMez 



HO 



.N 



n =1 or 3 



P03Me2 



(a) n = 1 

5 g of glycine (66.6 mmol) are introduced into a flask and stirred with 20 ml of 
THF; 200 mmol of 37% aqueous formaldehyde solution are added at ambient 
temperature, and stirring js carried out for 30 minutes. 266 mmol of dimethyl 

10 phosphite are then added. The mixture is stirred magnetically at ambjent 
temperature for 12 hours, 40 mi of distilled water are added to the reaction 
mixture, the THF is removed under reduced pressure, and the product is 
extracted using 3 x 100 ml of chloroform. The organic phase is dried over 
magnesium sulfate and then evaporated. The product is then purified by 

15 chromatography on a silica column using a CKaCla/MeOH mixture (95/5) as 
eluant. The product is obtained iri a yield of 37%. 
Rf (CH2CI2 / MeOH : 95 / 5) = 0.32 
^V-{^H} NMR (CDCl3)6 = 30.0 ppm. 

NMR (CDCI3) .5= 3.22 (d. ^Jhp = 10.1 Hz. 4H, CH2-P), 3.61 (s. 2H, CH2-CO). 

20 3.68 (d,^JHP = 10.6 Hz, 12H, 0-GH3). 10,8 (^ 



25 



(b) n = 3 

5 g of 4-aminobutyric acid (48.5 mmol) are introduced into a flask and stirred 
with 20 ml of THF; 145 mmol of 37% aqueous formaldehyde solution are added 
at ambient temperature, and stirring is carried out for 30 minutes. 194 mmol of 
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dimethyl phosphite are then added. The mixture is stirred magnetically at 
ambient temperature for 12 hours, 40 ml of distilled water are added to the 
i;eaction mixture, the THF is removed under reduced pressure, and the product 
is extracted using 3 x 100 ml of chloroform. The organic phase is dried over 
magnesium sulfate and then evaporated. The product is then purified by 
chromatbgraphy on a silica column using a GH2Cl2/MebH mixture; (95/5) as 
eluant. The product is obtained in a yield of 53%. 

Rf (CH2CI2 / MeOH : 95 / 5) = 0.35 
2'P-{^H} NMR (CDCI3) 5 = 30.7 ppm. 

NMR (CDCI3) 6 = 1.74 (quint, ^Jhh = 7.1 Hz, 2H, CO-CH2-CH2). 2.36 (t, 
^Jhh = 7.1 Hz, 2H, CO-CH2), 2.78 (t, ^Jhh = 7.1 Hz, 2H, CH2-N), 3.10 (d. ^Jhp = 
8.8 Hz, 4H, CH2-P), 3.74 (d. ^Jhp = 10.7 Hz, 12H, O-CH3) ppm. The proton 
COOH was not observed. 

Example 25 : Synthesis of amido-tyramine aza-bis-phosphonate 
compounds 



If ^POaMej 



(aVn = 1 

300 mg of carboxylic acid (0.94 mmol) are introduced into a flask under argon 
and dissolved in 5 ml of dry DMF. The solution is brought to 0*0, then 
1:3 equivalents of 1 -hydroxy benzotriazole (HOBt) are added thereto, stirring. Is 
maintained for 15 minutes at O'C, and then 1.3 equivalents of 1,3- 
dicyclohexylcarbodilmide (DCC) are added. The mixture Is stirred for 
30 minutes at 0°C and then for 1 hour at ambient temperature. The formation of 
a precipitate is obsen/ed. The mixture is returned to 0°C, and then tyramine 
(1.1 equivalents) is added and stirring is carried out for 30 minutes at 0°C and 
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then for 15 hours at ambient temperature. The precipitate is removed on a 5 n 
millipore filter and the solution is lyophilised. The residual oil is purified by 
chromatography on a silica column. The eluant used is a CH2Cl2/MeOH mixture 
(90/10), Rf = 0.47. The product is obtained in a yield of 42%. 

^ H} NMR (CdGIs) 8 = 30.2 ppm. \ 

NMR (CDCb) 5 = 2.73 (t, ^Jhh = 7.4 Hz, 2H. CsHs-Chb). 3.13 (d, ^Jhp = 
9.0 Hz. 4H, CH2-P), 3.33-3.52 (m, 4H, CH2-N, CH2-NH), 3.74 (d. ^Jhp = 10.7 Hz, 
12H, O-CH3), 6.75 (d. 2Jhh = 8.4 Hz, 2H, HAr), 7.00 (d, ^Jhh = 8.4 Hz, 2H, HAr), 
7.46 (t, 3Jhh = 5.8 Hz, 1 H, NH) ppm. 

(b) n = 3 

300 mg of carboxyllc acid (0.86 mmol) are introduced into a flask under argon 
and dissolved In 5 ml of dry DMF. The solution is brought to 0°C, then 
1.3 equivalents of 1 -hydroxybenzotriazole (HOBt) are added thereto, stirring is 
maintaihed for 15 hiinutes at O'C, and then 1.3 equivalents of 1,3- 
dicyclohexylcarbodiimide (DCC) are added. The mixture Is stirred for 
30 minutes at 0°C and then for 1 hour at ambient temperature. The formation of 
a precipitate is observed. The mixture is returned to 0°C, and then tyramine 
(1.1 equivalents) is added and stirring Is carried out for 30 minutes at O^C and 
then for 15 hours at ambient temperature. The precipitate is removed on a 5 |x 
millipore filter and the solution is lyophilised. The residual oil is purified by 
chromatography on a silica column. The eluant used is a CH2Cl2/MeOH mixture 
(95/5), Rf = 0.52. The product is obtained in a yield of 51%. 
^^P-{^H} NMR (CDCI3) 5 = 30.6 ppm. 
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Example 26 : Synthesis of DAB models having aza-bis-phosphonate ends 



N. 



H 




j — P03Me2 
N 



n =1 or. 3 



10 



The syntheses are carried out according to the protocol described in thfe 
preceding Example for the coupling of azabisphosphonate carboxylic acids to 
tyramine in the presence of HOBt and DCC. The amounts used are as follows: 
0.4 mmol of tris(2-aminoethyl)amine, 1.57 mmol of aza-bis-phosphonate 
carboxylic acid (where n = 1 or 3), 2.22 mmol of HOBt and 2.22 mmol of DCC. 
The products are purified by dissolution in a minimal volume of CH2CI2 and 
precipitation from a large volume of diethyl ether. The precipitations are 
repeated three times in order to remove traces of HOBt. 



^a) n = 1 

The productjs obtained in a yield of 55%. 
15 ^^P-{^H} NMR (CPCI3) 6 = 30.3 ppm. 

(b) n = 3 

^V-{^H} NMR (CDCI3) 5 = 30.5 ppm. 



20 Examplie 27 : Synthesis of DAB models having aza-bis-phosphonic acid 
ends 



N. 



O /-PO3H2 



n =1 or 3 



25 



0.25 mmol of model DAB aza-bis-phosphonate compound from 
Example 26 is dissolved in 3 ml of acetonitrile and brought to O^^C, and then 
3.75 mmol of BrTMS are added dropwise under an inert atmosphere. After 
30 minutes* stirring at O^C. the ice bath is removed and stirring is continued for 
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15 hours at ambient temperature. The solvent is removed under reduced 
pressure, and 3 ml of MeOH are added to the dry residue. Stirring is carried out 
for 30 minutes, and then the solvent is removed in vacuo and 3 ml of distilled 
water are added. After 1 hour's stirring, the mixture is lyophilised. The dry 
residue is washed 3 times with dry ether. The prpducts are obtained in the form 
of a beige powder. . 

(a) n = 1 

^^P-{^H} NMR (D2O. THFdS) 5 =11.2 ppm. 
fb) n = 3 : 

P-{^ H} NMR (D2O, THFdS) 6 =11.0 ppm. 

Example 28 : Synthesis of the monosodium salts of the DAB models 
having aza-bis-phosphonic acid ends 

o 



N 




y—POaHNa 



POsHNa 



n =1 or 3 



1 equivalent of NaOH (0.1955 N in aqueous solution) per PO3H2 group is added 
directly to the aza-bis-phosphonic acid compounds from Exannple 27. After 
lyophilisation, the products are obtained quantitatively. 



(a) n = 1 

3^P-{^H} NMR (D2O. THFdQ) 6 =17.8 ppm. 



(b) n = 3 

^^P-CH} NMR (bzO, THFdQ) 8 = 17.5 ppm. 
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Example 29 : Synthesis of DAB-type dendritic polymers of generation 1 
and generation 2 having 4 and 8 aza-bis-phosphonate groups, 
respectively, at the surface 




3 



4 ml of dry DMF are added, under an inert atmosphere, to 2 mmol of aza- 
bis-phosphonate carboxylic acid from Example 28. The solution is brought to 
C'C, and then 3 mmol of HOBt are added and stirring is carried out at 0°C for 

10 30 minutes; 3 mmol of DCC are added. After 30 minutes at C'C, the mixture is 
allowed to return to ambient temperature, and stirring is continued for a further 
1 hour; the gradual formation of a precipitate is observed. The suspension is 
again brought to 0°C, and then 0.33 mmol of dendritic polymer in the case of G1 
or 0.17 mmol of dendritic polymer in the case of G2 is added. After 30 minutes 

15 at O^'C, stirring is continued at ambient temperature for 20 hours. The precipitate 
is removed on 5 fj. millipore filters, and then the DMF is lyophilised. The product 
is treated three times by dissolution in a minimal volume of dichloromethane 
and precipitation from a large volume of diethyl ether in order to remove excess 
reagents. 

20 

In the case of the DAB-type dendritic polymers of generation 1: 
For n = 1 : the yield is 73% 
^V-{^H}NMR(CDCl3)8 = 30.2 ppm. 



25 



For n = 3 : the yield is 69% 
^V^^H} NMR (CDCI3) S =30.4 ppm. 
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In the case of the DAB-type dendritic polymers of generation 2: 
For n = 1 : the yield is 64% 
^^P-{^H} NMR (CDCb) 5 = 30.3 ppm. 
5 .^ • - . • ■ • ■ . :: 

For n = 3 : the yield is 75% 
^^P-CH} NMR (CDCI3) 5 = 30.5 ppm. 

Example 30 : Synthesis of DAB-type dendritic polymers of generation 1 
10 and generation 2 having 4 and 8 aza-bis-phosphonic acid groups, 
respectively, at the surface 




15 4 ml of freshly distilled acetonitrile are added to 0.2 mmol of DAB-type 

dendritic polymer of generation 1 or 2 having aza-bis-phosphonate ends from 
the preceding Example, and the mixture is cooled to 0°C. There are then added 
dropwise 6.4 mmol (that is to say 32 equivalents) of BrTMS in the case of the 
dendritic polymer of generation 1 and 12.8 mmol (that is to say 64 equivalents) 

20 in the case of the dendritic polymer of generation 2. The mixture is maintained 
at 0°C for 30 minutes and is then stirred at ambient temperature for a further 
15 hours. The acetonitrile is removed under reduced pressure, and then the 
mixture is methanolysed and hydrolysed as in the preceding cases. The dry 
residue is then washed twice with a THF/dlethyl ether mixture (1/9). The powder 

25 is then dried in vacuo to yield the pure product. 
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/n ^/7e case of the DAB-type dendritic polymers of generation 1 

For n = 1 : the yield is 79% 

^^P-{^H} NMR (D2O, THFdQ) 5 =11.5 ppm. 



5 For n = 3 : the yield is 68% . 

^^P^H NMR (D2O, CD3COCD3) 5 = 11.0 ppm. 

In the case of the DAB-type dendritic polymers of generation 2 
10 For n = 1 : the yield is 68% 

^^P-{^H} NMR (D2O, CD3COCD3) 5 =10.6 ppm. 

For n = 3 : the yield is 74% 

^^P-{^H} NMR (D2O, CD3COCD3) 5 = 10.9 ppm. 

15 

Example 31 : Synthesis of the corresponding -monosodium salts 



G1 



G2 




20 The procedure is the same as that described in the preceding example, 

. that is to say the addition of 1 equivalent of NaOH (0.1955 N in aqueous 
solution) per surface PO3H2 function. In the case of the dendritic polymers of 
generation 1 , 8 equivalents of NaOH are added and in the case of the dendritic 
polymers of generation 2, 16 equivalents of NaOH are added. After 

25 lyophilisation, the products are obtained quantitatively. 
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In the case of the DAB-type dendritic polymers of generation 1 
For n = 1 : 

^^P-{^H} NMR (D2O. THFdS) 5 = 20,0 ppm. 

5 For n = 3 : 

^^P-CH} NMR (D2O. CD3COCD3) 5 = 10.2 ppm. 

In the case of the DAB-type dendritic polymers of generation 2 

10 For n = 1 : 

^^P-CH} NMR (D2O, CD3COCD3) 5 = 10.3 ppm. 
For n = 3 : 

^^P-CH} NMR (D2O. CD3COCD3) 6 = 10.2 ppm. 

15 

Example 32 : Syntheisis of PAMAM-type dendritic polymers of generation 
0 arid geheriation 1 having 4 and 8 aza-bis-phosphonate groups, 
respectively, at the surface 




1 or 3 



4 ml of dry DMF are added, under an inert atmosphere, to 2 mmol of aza- 
bis-phosphonate carboxyllc acid from Example 28. The solution is brought to 
25 0»C, and then 3 mmol of HOBt are added and stirring is carried out at 0*'C for 
30 minutes; 3 mmol of DCC are added. After 30 minutes at 0°C, the mixture is 
allowed to return to ambient temperature, and stirring is continued for a further 
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1 hour; the gradual formation of a precipitate is observed. The suspension is 
again brought to 0°C, and then 0.33 mmol of dendritic polymer in the case of GO 
or 0.17 mmol of dendritic polymer in the case of G1 is added. After 30 minutes 
at 0°C, stirring is continued at ambient temperature for 20 hours. The precipitate 
5 is removed on 5 ^i millipore filters, and then the DMF is lyophilised. The product 
is treated three times by dissolution in a minimal volume of dichloromethane 
and precipitation from a large volume of diethyl ether in order to remove excess 
reagents. 

10 In the case of the PAMAM-type dendritic polymers of generation 0 
For n = 1 : the yield is 67% 
^^P-CH} NMR (CDCI3) 5 = 30.1 ppm. 

For n = 3 : the yield is 75% 
15 ^^P-CH} NMR (CDCI3) 5 =30.4 ppm. 

In the case of the PAMAM-type dendritic polymers of generation 1. 

For n = 1 : the yield is 63% 

^^P-CH} NMR (CDCI3) 5 ;= 30.2 ppm. 

20 

For n = 3 : the yield is 78% 

^V-{^H} NMR (CDCI3) 5 = 30.4 ppm. 
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Example 33 : Synthesis of PAMAM-type dendritic polymers of generation 
0 and generation 1 having 4 and 8 aza-bis-phosphonic acid groups, 
respectively, at the surface 



5 




1 or 3 



4 ml of freshly distilled acetonitrile are added to 0.2 mmol of PAMAM-type 
dendritic polymer of generation 0 or 1 having aza-bis-phosphonate ends from 
the preceding Example, and the mixture is cooled to 0°C. There are then added 

10 dropwise 6.4 mmol (that is to say 32 equivalents) of BrTMS in the case of the 
dendritic pojymer of . generation 0 and 12.8 mmol (that is to say 64 equivalents) 
in the base of the dendritic polymer of generation i . The mixture is maintained 
at 0°C for 30 minutes and is then stirred at ambient temperature for a further 
15 hours. The acetonitrile is removed under reduced pressure, and then the 

15 mixture is methanolysed and hydrolysed as in the preceding cases. The dry 
residue is then washed twice with a ThiF/diethyi ether hiixture (1/9). The powder 
is then dried in vacuo to yield the pure product. 

In the case of the PAMAM-type dendritic polymers of generation 0 
20 For n = 1 : the yield is 65% 

^^P-CH) NMR (D2O, THFdQ) 6 = 10.9 ppm. 

For n = 3 : the vield is 71% 

^^P-CH) NMR (D2O. CD3COCD3) 5 = 11.1 ppm. 

25 In the case of the PAMAM-type dendritic polymers of generation 1 
For n = 1 : the yield is 73% 
^^P-{^H} NMR (D2O, CP3COCD3) 8 =11.0 ppm. 
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For n = 3 : the yield is 67% 

^^P-{^H} NMR (D2O. CD3COCD3) 5 = 1 1.3 ppm. 

5 Example 34: Synthesis of the monosodium salts corresponding to the: 
compounds of Example 3(5 




=1 or 3 



10 The procedure is the same as that described above, that is to say the 

addition of 1 equivalent of NaOH (0.1955 N in aqueous solution) per surface 
Pd3H2 function. In the case of the dendritic polymers of generation 0 where n = 
1 or 3, 8 equivalents of NaOH are added and in the case of the dendritic 
' polymers of generation 1 where n = 1 or 3, 16 equivalents of NaOH are added. 

15 After lyophilisation, the products are obtained quantitatively. 

In the case of the PAMAM-type dendritic polymers of generation 0 
For n = 1 : 

^V-{^H} NMR (D2O, THFd?) 5 = 19.7 ppm. 

20 

For n = 3 : 

^^PK^H} NMR (D2O. CD3COCD3) 5 = 10.2 ppm. 



25 



In the case of the PAMAM-type dendritic polymers of generation 1 
For n = 1 : 

^^-{^H} NMR (D2O, CD3COCD3) 5 = 10.5 ppm. 



5 



10 



15 
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For n = 3 : 

^^P-{^H} NMR (D2O. CD3COCD3) 5 = 10.4 ppm. 



Example 35 : Synthesis of phosphorus-containing Gc-type dendritic 
polymers having 12 aniido-aza-bis-phosphonate ends at the surface 




n =1 or 3 



0.017 mmol of Gci dendritic polymer of generation 1 having 12 P(S)-CI 
bonds at the surface is dissolved in 3 ml of dry THF. To that solution there are 
added in succession 5.04 mmol of cesium carbonate and then 0.23 mmol of 
tyramine amido-aza-bis-phosphonate compound where n = 1 or 3 from 
Example 25 in solution in 3 ml of dry THF. The mixture is stirred overnight at 
ambient temperature and then filtered over Celite. The reaction mixture is 
evaporated under reduced pressure and then the dry residue is dissolved in a 
minimal volume of dichloromethane. The product is then precipitated from a 
large volume of ether. That operation is repeated three times in order to rempve 
the slight excess of starting phenol. The products are obtained in the form of 
powders in a yield of 88% for n = 1 and 85% for n = 3. 

For n = 1 : 

^^P-{^H} NMR (CDCI3) 6 =11.7 (s, N3P3). 30.1 (s, POsMez), 66.6 (s, P=S) ppm. 
For n = 3 : 

^^P-i^H) NMR (CPCI3) 5 - 1 1.7 (s, N3P3), 30.3 (s, POsMez), 66.6 (s- P=S) ppm. 



25 



T, • . 
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Example 36 : Synthesis of phosphorus-containing Gc-type dendritic 
polymers having 12 amido-aza-bis-phosphonic acid ends at the surface 




n =1 or 3 



5 0.015 mmol of the above-described dendritic polymers having an amido- 

aza-bis-phosphonate end (where n = 1 or 3) is dissolved, under an inert 
atmosphere, in 3 ml of distilled acetonitrile. The solution is brought to 0°C, and 
then 48 equivalents of BrTMS (0.73 mmol) are added dropwise under argon. 
The mixture is stirred for 30 minutes at 0°C and then overnight at ambient 
10 temperature.. After methanolysis and hydrolysis as described in the conventional 
protocol (i.e. DAB and PAIVIAM), the dry residue is washed with dry ether to 
give the pure product in a yield of 63% forn = 1 and 58% for n = 3. 

■ For n == 1 : 

15 '^P-^H} NMR (D2O, THFdS) 5 = 11.9 (s, PO3H2). 12.8 (s, N3P3). 66.5 (s, P=S) 
ppm. 

For n = 3 : 

''P-{'H} NMR (D2O, THFdQ) 6 = 12.1 (s, PO3H2); 12.8 (s. N3P3). 66.5 (s, P=S) 
20 ppm. 



Example 37: Synthesis of the corresponding monosodium salts 




h =1 or 3 



25 0.010 mmol of dendritic polymers having aza-bis-phosphonic ends from the 
preceding Example is dissolved in 0.24 mmol of 0.1955 N aqueous NaOH 
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solution. The mixture is stirred for 30 minutes at ambient temperature and is 
then lyophilised. The products are obtained quantitatively. 

For n = 1 : 

5 ^'P-CH} NMR (D2O, THFdS) 6 = 12.8 (s, N3P3). 16.5 (s, P03HNa),.66.8 (s. P=S) 
/ppm; * . . 

For n = 3 : 

^V-{'H} NMR (D2O, THFdS) 8 = 12.8 (s, N3P3), 16.2 (s. POsHNa), 66.8 (s, P=S) 
10 ppm. 

Example 38 : Lubricating properties 

The compound of Example 12 was tested in a Falex lubrication test 
15 (rupture test) with steel/steel contact. This test demonstrated that the 
functionalised biphosphonate dendritic polymers of the invention can be used 
as an extreme pressure lubrication additive. Such additives, diluted at 1%. allow 
a level of lubrication to be obtained that is equal or superior to that of an alky! 
phosphate ester, which is often used as a lubrication additive. 
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